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Appendix F. Data Alignment and Manipulation Programs

The program contained in this appendix was used for labelling the coordinates

of the aligned data points. The alignment program is not included in this thesis.

However, the program and user documentation are available through Major David

G. Robinson (AFIT/ENY).
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Coordinate Labelling Program

This program reads from sXXX.align files and writes to the fXXX files.

Basically, the sXXX.align file contains the output from the alignment program.

Each record consists of the angle, altitude, and radius (followed by three dummy

variables which are not used) for a particular point. The following records are a

sample of the s09.align file.

0.39 204.95 82.06 76-01 204.95 30.94
0.39 206.41 82.32 76.07 206.41 31.47

The fXXX file is used as input to the programs which structure the data in

appropriately sized grids. The format for each record is as follows: row index, column

index, value of x, value of y, the mean, variance, and the number of points in the

block. The following records were extracted from f09.

19 34 0.7400 226.000U 103.39 0.21 11
19 35 0.7400 230.0000 103.48 0.11 9

To run the program for subject 09, type "fill.x list.09". The list.09 file consists

of the following two records:

1,
s09.align 12172

The 1 indicates that one file is read and the 12172 is the number of points in

the file.

The code for this program begins on the following page .
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#include <stdio.h>
#include <math.h>

/* npts: number of total data points to be input
for a single data set

NX,NY: number of increments on the x,y axes
XMAX,YMAX: maximum values for x,y
XMIN,YMIN: minimum values for x,y
*/

#define NX 100
#define NY 50
#define XMAX 4.
#define XMIN 0.
#define YMAX 300.
#define YMIN 100.
#define DX (XMAX-XMIN)/NX
#define DY (YMAX-YMIN)/NY

struct point {
float angle, latitude, radius;
st:uct point *next;
3.;

struct point *point-array[NX][NY];

main(argc,argv)

int argc;
#ha *rgvrij;

{

int i,j;
void DataIno, ShowListo;
void Stato;

DataIn(argv[1]);

for(i=O; i<NX; i++) {
for(j=O; j<NY; j++) {

if(point-array[i][j] != NULL) {
ShowList(i,j, point-array[i][j]); */
Stat(i,j, point.array(i] Cj);

/*} */
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void Data..In(argl)
1* reads data in format: angle, altitude, radius *
char *argl;

jut i,j,m,n;
int ii;
float X'y'z;
float dumi, dum2, dum3;
mnt npts, nosub; A* number of subject data files to be read '~

char subject-narne[1O]; A* name of subject data file to be read *

FILE *fins, *f in;

struct point *teinp;

/*initializing pointers to NULL *
for Qi=0; i<NX; i++)

for(j=O; j<NY; j++)
point-array[i][jJ = NULL;

fins = fopen(argl.,"r");
fsca~nfCf ins, '%d\n" ,&nosub);

printf("A total of %d subject data files are to be read\n",nosub);

for(ii=O;ii<nosub;ii++) f

fscanf(fins,"%/s Wdn",subject-.name, &npts);

printf("FIRST NOTICE: \n Reading %d data points\n from subject data

file: %~s \n",npts, subject-.namne);
fin -fopen(subject..name,"r");

for Qi=O; i~npts; iSO {
fscanf(fin,"%f %/f %/f %f %.f %fhn", Wx, &y, Qz, &duml, &dum2,

&duni3);
printf("%f %f %f %f %f Xf\n", x,y,z,duml,dnm2,dum3);*/

m = (int)(NY*(y-YMIN)f(YMAX-YMIN));
n = (int)(NX*(x-XMIN)/(XMAX-XMIN));

1* printf("location of point on grid: (m,n): %d %d \n",m,n);*/
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temp =(struct point *)malloc(sizeof(struct point));

if ((i>=O)&&(nI>=O) )
if (temp != NULL){

temp->angle = X

temp->latitude = y
temp->radius = z;

temp->next =point..array[n] (i];
point-array~n) [m] =temp;

fclose(fin);

void Show-.List(i,j,ps)
int i~j;
struct point *ps;

float X'Y;

x= XMIN+(i- .7)*DX;
y= YMIN+(j-.5)*DY;

do

printf("7..4f %.4f %.2f %.2f %.2f\nle, x, y, ps->angle, ps->latitude,
ps->radius);

ps = ps->next;
I' while (ps != NUTQ~;

void Stat(i~j,ps)
mnt i~j;
struct point *ps;

float X'y;
float mean, var;

float sum, surn2;
int kntr;



x= XMIN+(i-.5)*DX;

y= YMIN+(j- .5)*DY;

sum - 0.;
sum2 = 0.;
kntr = 0.;
mean = 0.;
var = 0.;

if(ps != NULL){
do

sum += (ps->radius);
sunt2 += (ps->radius *ps->radius);
kntr++;

ps = ps->next;
}while (ps != NULL);

mean =sum/kntr;
var =sum2/kntr - (mean*mean);
printf("%d %d %/5.4f %5.4f %5.2f %5.2f %d\n", i,j, x, y, mean, var, kntr);

else
printfQ'%d %d %.4f %.4f %.2f %.2f Wdn", i,j, x, y, mean, var, kntr);
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Appendix G. Structural Analysis Programs

The programs contained in this appe-idix were used in performing the struc-
tural analysis of the data. Specifically, this appendix includes the programs for
forming the grids, removing the trend, calculating the experimental variograrns, and
estimating the model parameters.
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Model Fitting Program

The model fitting program is written in FORTRAN. Data is read from the

output files of the experimental variogram program contained in the next section.

Each record consists of h (distance), -y(h), and the number of points used in deter-

mining 7 (h). The number of records for ea,'h subject is 40-4 directions times 10

lags. This program will also fit the models -,)r the overall variogram. A program for

consolidating the variogram data for an-, given number of subjects is provided later

in this appendix. The output of this prograim includes the parameter estimates for

the linear, De Wijsian, and spherical r "diels and the associated r-squared values.

The code for this program begins on the next page.
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PROGRAM MAIN

C* THIS PROGRAM FITS A LINEAR, DE WIJSIAN, AND SPHERICAL MODEL *C

C* TO THE VARIOGRAM DATA. 13 JAN 90. *C

COMMON/DATI/H(1200), GAMMA(1200), WEIGHTS(1200), NPTS, IWGT
COMMON/DAT2/Y(1200), W(1200), Z(1200,3), ZPW(3,1200)

COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D
COMMON/OUT/BETA(3,3), RSQR(3), YHAT(3,1200), VAR, SPH1, SPH2

CALL INITIAL
CALL INPUT
CALL SETUP

CALL LINEAR
CALL DEWJSN

CALL SPHRCL

CALL STATS

CALL OUTPUT
STOP
END

SUBROUTINE SETUP

C* THIS SUBROUTINE SETS UP THE COMMON MATRICES *C

COMMON/DAT1/H(1200), GAMMA(1200), WEIGHTS(1200), NPTS, IWGT
COMMON/DAT2/Y(1200), W(1200), Z(1200,3), ZPW(3,1200)
SUM=O.0
DO 10 I=I,NPTS

Z(i,1)=1.0
Xkl )=AMMA1(I)
SUM=SUM+WEIGHTS(I)

10 CONTINUE
DO 30 I=1,NPTS

DO 20 J=1,NPTS
IF (I.EQ.J) THEN

IF (IWGT.EQ.1) THEN
W(I)=WEIGHTS(I)/SUM

ELSE
W(I)=1 .0

ENDIF

ENDIF

20 CONTINUE
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30 CONTINUE
RETURN
END

SUBROUTINE LINEAR

C* THIS SUBROUTINE FITS A LINEAR MODEL. *

COMMON/DAT1/H(1200), GAMMA(1200), WEIGHTS(1200), NPTS, IWGT
COMMON/DAT2/Y(1200), A(1200), Z(1200,3), ZPW(3,1200)
COMMON/LU/N, A(3,3), IhOX(), VV(3), B(3), D
COMMON/OUT/BETA(3,3), RSQR(3), YHAT(3,1200), VAR, SPH1, SPH2
DO 10 I=1,NPTS

Z(I,2)=H(I)
10 CONTINUE

N=2
CALL MATRIX
BETA(1, 1)=B(l)

BETA (1, 2) =B(2)
RETURN
END

SUBROUTINE DEWJSN

C* THIS SUBROUTNE FITS A DE WIJSIAN MODEL TO THE DATA *

COMMON/DATI/H(1200), GAMMA(1200), WEIGHTS(1200), NPTS, IWGT
COMMON/DAT2/Y(1200), W(1200), Z(1200,3), ZPW(3,1200)
COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D
COMMON/OUT/EETA(3,3), RSQP,(3), YMAT(3,1200), VAn, SPNI, SF112
DO 10 I=1,NPTS

Z(I,2)=LOG(H(I))
10 CONTINUE

N=2
CALL MATRIX
BETA (2 ,1) =B(l)
BETA (2 ,2)=B(2)

RETURN
END

SUBROUTINE SPHRCL
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C* THIS SUBROUTINE FITS A SPHERICAL MODEL TO THE DATA *

COMMON/DAT1/H(1200), GAMMA(12400), WEIGHTS(1200), NPI'S, IWGT
COMMON/DAT2/Y(1200), W(1200), Z(1200,3), ZPW(3,1200)
COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D
COMMON/OUT/BETA(3,3), RSQR(3), YHAT(3,1200), VAR, S~,SPH2
DO 10 I=1,NPTS

Z(I,2)=H(I)

Z(I ,3)=H(I) **3
10 CONTINUE

N=3

CALL MATRIX
DO 20 I=1,3

BETA(3,I)=B(I)
20 CONTINUE

RETURN
END

SUBROUTINE MATRIX

CýJ% THIS SUBROUTINE PERFORMS THE MATRIX MANIPULATIONS *

COMMON/DATI/H(i200), GAMMA(1200), WEIGHTS(1200), NPTS, IWGT

COMMON/DAT2/Y(1200), W(1200), Z(1200,3), ZPW(3,1200)
COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D

DO 20 I=1,NPTS
DO 10 J=1,N

ZPW(j ,I)=Z(i,J)*w(i)
10 CONTINUE
20 CONTTNIJE

DO 60 J=1,N
SUM 1=0
SUM2=0
SUM3=0
SUMY=O
DO 50 I=1,NPTS

SUM1=sum1+ZPW(J , Q *z(i, 1)
SUM2=SUM2+ZPW(J ,I)*Z(I ,2)
SUM3=SUM3+ZPW(J ,I)*Z(I,3)
SUMY=sumy+ZPW(J ,I)*~Y(I)

5O CONTINUE
A(JJ 1)=sUM1
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A(3,2)=SUM2
A(3,3)=SUM3

B(W)=SUMY
60 CONTINUE

CALL LUDOMP
CALL LUBKSB
RETURN
END

SUBROUTINE INITIAL

0* THIS ROUTINE ALLOWS THE USER TO ENTER THE FILE NAM±it OF *0
0* THE DATA FILES FROM THE TERMINAL OR TO READ THEM FRCI' *0
0* THE DEFAULT FILE (SPHERE.SET) *0

CHARACTER ANSWER*3, FILIN*32, FILOUTS*32
WRITE(6,*)'DO YOU WANT TO SPECIFY THE FILES FROM THE TERMINAL?'
WRITE(6, *)'I(ENTER YES IF SO; ELSE, kJVAFAULT - SPHEJRE. SET)'
n-lEAD(5, '(A3)') ANSWER

IF (ANSWER.EQ.'YES') THEN
WRITE(6,*)'ENTER THE NAME OF THE INPUT- FILE'
READ(5,' (A22)') FILIN
WRITE(6,*) 'ENTER THE NAME OF THE OUTPUT FILE'

READ(6, '(A32)1) FILOUT
ELSE

OPEN(9,FILE='SPHERE.SET' ,STATUS='OLD-)
READ(9, '(A32)') FILIN
READ(9, '(A32) 0 FILOUT

END IF
OPEN(10,FILE=FILIN.STATUS='OLD')
OPEN(11 ,FILE=FILOUT,STATUS='NEW')
RETURN
END

SUBROUTINE INPUT

0* THIS ROUTINE READS IN THE DATA FROM THE FILE S)Pý2IYFIED *0
0* H - THE DISTANCE *0
0* GAMMA (H - THE VARIOGRAM *0
0* WEIGHTS(H) - THE NUMBER OF POINTS USED FG:3 '2-AMM*A(H) *0

COMMON/DAT1/H(1200). GAMMA(1200), WEIGH¶IS(1200), NPTS, IWOT
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IWGT=l
C NPTS=1200
C NPTS-300
C NPTS=40
C NPTS=1040

NPTS=100O
DO 10 I=1,NPTS

READ(10,*) H(I), GAMMACI), WEIGHTS(I)
10 CONTINUE

RETURN
END

SUBROUTINE LUDCMP

C* THIS SUBROUTINE WAS ADAPTED FROM NUMERICAL RECIPES, THE ART *C
C* OF SCIENTIFIC COMPUTING, PP. 35-36. THE ARRAY, A, IS RE- *C
C* ARRANGED AS ITS LU DECOMPOSITION. INDX IS A VECTOR WHICH *C
C* RECORDS THE ROW PERMUTATION. D IS + OR - TO INDICATE EVEN *C
C* OR ODD NUMBER OF ROW CHANGES. THIS SUBROUTINE IS USED WITH *C
C* LUBKSB. *C

PARAMETER (TINY=i.OE-20)
COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D
D=1.
DO 20 I=I,N

AAMAX=O.
DO 10 J-1,N

IF (ABS(A(I,J)).GT.AAMAX) AAMAX=ABS(A(I,J))
10 CONTINUE

IF (AAMAX.EO.O.) WRITE(01.4) 'SINGULAR MATRTX.'
VV(I)=I./AAMAX

20 CONTINUE
DO 90 J=1,N

IF (J.GT.1) THEN
DO 40 I=1,J-I

SUM=A(I,J)
IF (I.GT.1) THEN

DO 30 Klzl,I-i
SUM=SUM-A(I,K)*A(K,J)

30 CONTINUE

A(I,J)=SUM
ENDIF
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40 CONTINUE
ENDI F
AAMAX=0.
DO 60 I=J,N

SUM=A(I,J)
IF (J.GT,1) THEN

DO 50 K=1,J-1

SUM=SUM-A(I ,K)*A(K, J)
50 CONTINUE

A(IJ)=SUM
ENDIF
DUM=VV (I) *ABS (SUM)
IF (DUM.GE.AAMAX) THEN

IMAX=I
A AMA X =DUM

END IF
60 CONTINUE

IF (J.NE.IMAX) THEN

DO 70 K=1,N
DUM=A(IMAX,K)

A(IMAX,K)=A(J,K)
A(J,K)=DUM

70 CONTINUE
D=-D
VV(IMAX)=VV(J)

ENDIF
INDX(J)=IMAX
IF (J.NE.N) THEN

IF (A(J,J).EQ.0.) A(J,J)=TINY

DUM=1 ./A(J,J)
DO 80 I=J+I,N

A(I,J)=A(I,J)*DUM

80 CONTINUE

ENDIF
90 CONI!INUE

IF (A(N,N).EQ.0.) A(N,N)=TINY
RETURN
END

SUBROUTINE LUBKSB

C* THIS SUBROUTINE WAS ADAPTED FROM NUMERICAL RECIPES THE ART *C~
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C* OF SCIENTIFIC COMPUTING, PP. 36-37. A AND INDX ARE DETER- *C
C* MINED IN LUDCMP. B IS THE RIGHT HAND SIDE VECTOR INITIAL- *C
C* LY AND THEN BECOMES THE SOLUTION VECTOR. THIS ROUTINE CAN *C
C* BE CALLED SUCCESSIVELY WITH DIFFERENT B VECTORS. *C

COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D
II-0

DO 20 I=I,N
LL=INDX(I)
SUM=B(LL)
B(LL)=B(I)
IF (II.NE.O)THEN

DO 10 J=ll,l-i
SUM=SUM-A(I,J)*B(J)

10 CONTINUE
ELSE IF (SUM.NE.O.) THEN

II=I
ENDIF
B(I)-SUM

20 CONTINUE
DO 40 I=N,I,-l

SUM=B(I)
IF (I.LT.N) THEN

DO 30 J=I+1,N
SUM=SUM-A(I,J)*B(J)

30 CONTINUE

ENDIF
B(I)=SUM/A(I,I)

40 CONTINUE
RETURN
END

SUBROUTINE STATS

C* THIS SUBROUTINE CALCULATES STATISTICS *0

COMMON/DATI/H(1200), GAMMA(1200), WEIGHTS(1200), NPTS, IWGT
COMMON/DAT2/Y(1200), W(1200), Z(1200,3), ZPW(3,1200)
COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D
COMMON/OUT/BETA(3,3), RSQR(3), YHAT(3,1200), VAR, SPHI, SPH2
DOUBLE PRECISION SUM(3)
DOUBLE PRECISION SUMT
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SUN 1=0

DO 10 I=I,NPTS
SUM1=SUM1.Y(I) **2
SUM2=SUM2+Y (I)

10 CONTINUE
RMEAN=SUM2/FLOAT (NPTS)

VAR=(SUMI-(SUM2**2)/FLOAT(NPTS))/(FLOAT(NPTS)-1 .0)

SPH1=VAR-BETA (3, 1)
SPH2=(1 .5*SPH1)IBETA(3,2)
SUMT=0.0
DO 20 I=1,NPTS
SUMT=SUMT+ (Y(I) -RI4EAN) **2
YHAT(1,I)=BETA(1 ,1)+BETA(1,2)*H(I)

YHAT(2,I)=BETA(3,1)+BETA(3,2)*H(I)+BETA(3,3)*H(I)**3
C YHAT(2,I)=BETA(2, 1)+BETA(2,2)*LOG(H(I))

IF(H(I).LT.SPH2) THEN

YHAT(3,1)=SPH1*(1 .5*H(I)/SPH2-.5*H(I)**3/SPH2**3)+VAR-SPHl
ELSE

YHAT(3, I)=VAR
END IF

20 CONTINUE
DO 30 1=1,3

30 CONTINUE
DO 40 I=1,NPTS

DO 40 J=1,3
SUM(J)=SUM('J)+(Y(I)-YHAT(J ,I)*

40 CONTINUE

DO 60 1=1,3

RSQR(I)=1 .0-(SUM(I)/SUMT)
60 CONTINUE

RETURN
END

SUBROUTINE OUTPUT

G* THIS ROUTINE OUTPUTS THE ESTIMATES *

COMMON/DAT1/H(1200), GAMMA(1200), WEIGHTS(1200), NPTS, IWGT

COMNON/DAT2/Y(1200), W(1200), Z(1200,3), ZPW(3,1200)
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COMMON/LU/N, A(3,3), INDX(3), VV(3), B(3), D
COWIION/OUT/BETA(3,3), RSQR(3), YHAT(3,1200), VAR, SPH1, SPH2
IF(IWGT.NE.1) THEN

WRITE(11,900)
WRITE(11,910) BETA(1,l), BETA(1,2), RSQR(l)
WRITE(11,920) BETA(2,1), BETA(2,2), RSQR(2)
WRITE(11,930) SPH1, SPH2
WRITE(11,940) SPh2**3, VAR-SPH1, RSQR(3)

ELSE
WRITE(0.1,905)
WRITE(11,915) BETA(1,1), BETA(1,2)%
WRITE(11,925) BETA(2,1), BETA(2,2)
WRITE(11,930) SPH1, SPH2
WRITE(11,945) SPH2**3, VAR-SPHl

ENDI F
IF(NPTS.LE.10) THEN

WRITE(950)
DO 10 I=1,NPTS

WRITE(11,960)Y(I) ,YH-AT(1,I) ,YHAT(2,I) ,YHAT(3,I)
10 CONTINUE

ENDIF
900 FORMAT(//,c'1X,'MODEL',30X,'R-SQUARED')
905 FORMAT(//,31X, 'MODEL')
910 FORMAT(1X,'LINEAR),12X,'Y(H) = ,F6.3,1 + ),F6.3,1 * H',22X,F6.4)
915 FORMAT(1X,'LIXEAR',12X,'Y(H) = 1,F6.3,1 + ),F6.3,' * H')
920 FORMAT(1X,'DE WIJSIAN',8X,'Y(H) = 1,F6.3,1 + ),F6.3,, * LN(H)',

&18X,F6.4)
925 FORMAT(1X,'DE WIJSIAN',8X,'Y(H) = ',F6.3,) + ),F6.3,1 * LN(H)')
930 FORMAT(1X,)SPHERICAL',9X,'Y(H) = ),F6.3,' *[1.5 * H / ),F6.3,

k;- .5 *;)

940 FORMAT(27X,'H-3 / ,F9.3,) ] . ,F6.3,14X,F6.4)
945 FORMAT(27X,'H-3 ) ,F9.3,' + ',F6.3)
950 FORI4AT(///,3X, 'ACTUAL',9X,'LINEARI,7X,'DE WIJSIAN',5X,'SPHERICAL')
960 FORMAT(1X,4(F1O.3,5X))

RETURN
END
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Variogram Calculation Program

The variogram calculation program reads from the grid files produced with

either the FORTRAN or C GRID programs. The output file consists of h, -y(h), and

the number of points used in determining y(h). A file for input to the IDL variogram

procedure is also generated.

The code is provided beluw.

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C THIS PROGRAM WAS V3ED TO DETERMINE THE VARIOGRAMS FOR THE FINAL C
C FACES. THE RESIDUALS ARE LOCATED IN [MGRANT.RESIDUALS]. THE C
C OUTPUT IS LOCATED IN [MGRANT.VARIOGRAMS]. THIS FILE READS FROM C
C VARIO.SET AND THE RESIDUAL FILE. THE GRID CONTAINS VALUES IN A C
C 100 BY 50 ARRAY. 13 JAN 90 C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

COMMON RVALUE(2QO0oOO),TEMP(2,400,400),NPTS(400),MAX,MDIR,MLAG,
1NOFH,GAMMA,NROW,NCOL,NDI1G,AVGR,A(4),ISTAT,IDLFLAG

CALL INITL
DO 10 IDIR=I,MDIR

CALL FORM(IDIR)
DO 10 ILAG=1,MLAG

CALL VAR(ILAG)
CALL OUTPIJT(IDIR,ILAG)

10 CONTINUE
20 CONTINUE

END

SUBROUTINE INITL
COMMON RVALUE(200,200),TEMP(2,400,400),NPTS(400),MAX,MDIR,MLAG,

INOFH,GAMMA,NROW,NCOL,NDIAG,AVGR,A(4),ISTAT,IDLFLAG
CHARACTER FILIN*32,FILOUT*32,ANSWER*3,IDLOUT*32
WRITE(*,*) 'INPUT THE NAME OF THE INPUT FILE'
READ(*,'(A32)') FILIN
WRITE(*,*) 'INPUT THE NAME OF THE OUTPUT FILE'
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READ(*, '(A32)') FILOUT
WRITE(*,*) 'DO YOU WANT TO CREATE AN IDL FILE?'
READ(*, '(A3)') ANSWER
IF (ANSWER.EQ.'YES') THEN

WRITE(*',*) 'INPUT THE NAME OF THE IDL FILE'
READ(*, '(A32)') IDLOUT
OPEN(12,FILE=IDLOUT,STATUS= 'NEW')
T')LFLAG = 1

ENDIF
OPEN(lO ,FILE=FILIN, STATUS='OLD')
OPEN(li ,FILE=FILOUT,STATUS='NEW')
OPEN(9,FILE='VARIO.SET' ,STATUS='OLD')

C MAX -INDICATES THE MAXIMUM NUMBER OFDATA POINTS
C MDIR -THE NUMBER OF DIRECTIONS
C KLAG -THE NUMBER OF LAGS
C NROW -THE NUMBER OF ROWS
C NCOL -THE NUMBER OF COLUMNS
C ISTAT -=1 IF AVERAGE RADIUS IS TO BE CALCULATED

READ (9, w)MAX ,NROW INCOL ,MDIRt,MLAG, ISTAT
READ (9,*)A(l) ,A(2) ,A(3) ,A(4)
IF (NROW.GT. NCOL) THEN

NDI AG=NROW
ELSE

NDIAG=NCOL
ENDIF
IF(ISTAT.EQ.1) THEN

TOTAL=0
PTS=0

ENDIF
DO 20 I=1,NROW

DO 10 J=1,NCOL
RVALUE(I ,J)=0

10 CONTINUE

20 CONTINUE
DO 50 I=1,NROW

DO 40 J=0,NCOL-1O,10
READ(10,*,END=60)(RVALUE(I,J+K),K=1,10)
IF(ISTAT.EQ.1) THEN

DO 30 L=1,10
IF(RVALUE(I,L+J).NE.0) THEN

TOTAL=TOTAL*RVALUE(I ,J.L)
PTS=PTS+1
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ENDIF
30 CONTINUE

ENDI F
40 CONTINUE
50 CONTINUE
60 CONTINUE

IF(ISTAT.EQ.i) THEN
AVGR=TOTAL/PTS

ENDIF
RETURN
END

SUBROUTINE FORM(IDIR)
COMMON RVALUE(200,200) ,TEMP(2,400,400) ,NPTS(400) ,MAX,MDIR,MLAG,
1NOFH,GAMMA,NROW,NCOL)NDIAG.AVGR,A(4) ,ISTAT,IDLFLAG

DO 30 1=1,2
DO 20 J-1,NROW+NCOL-1

DO 10 K=1,NDIAG
TE-MP(I,J,K)=O

10 CONTINUE
20 CONTINUE
30 CONTINUE

GO TO (100,200,300,400),IDIR
100 CONTINUE

DO 120 IROW=1,NROW
NONT=O
DO 110 ICOL=1,NCOL

IF(RVALUE(IROW,ICOL) .NE.0) THEN

NCNT-NCNT+l

TEMP(1 IROWNCNT)=RVALUE(TRnw - COfLT)

TEMP(2,IROW,NCNT)=ICOL
END IF'

110 CONTINUE
NPTS (IROW)=NCNT

120 CONTINUE
RETURN

200 CONTINUE
DO 220 ICOL=1,NCOL

NONT=O
DO 210 IROW=1,NROW

IF(RVALUE(IROW,ICOL) .NE.0) THEN

NCNT=NCNT+ 1
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TEMP(1 ,ICOL,NCNT)=RVAL.UE(IROW,ICOL)

TEMP (2, ICOL,NCNT)=IROW
ENDIF

210 CONTINUE
NPTS (ICOL) =NCNT

220 CONTINUE
RETURN

300 CONTINUE
DO 320 IROW=1,NROW

IF(IROW.LE.NCOL) THEN

INDX=IROW
ELSE

INDX=NCOL
END IF
NCNT=0

DO SA0 I=1,INDX
IF(,RVALUE(IROW+1-I,I) .NE.0) THEN

NCNT=i4CNT+l

TEMP(1, IROW,NCNT)=RVALUE(IROW+1-I ,I)

TEMP(2, IROW,NCNT)=I
ENDIF

310 CONTINUE

NPTS (IROW) =NCNT

320 CONTINUE
DO 340 ICOL=2,NCOL

IF(NCOL-ICOL.LT.NROW) THEN
INDX=NCOL-ICOL+l

ELSE

INDX=NROW
ENDIF

NCNT=O
DO 330 I=1,INDX

IF(RVALUE(NROW+1-I,ICOL-1+I) .NE.0) THEN
NCNT=NCNT+ 1

TEMP(1,NROW+ICOL-1,NCNT)=RVALUE(NROW+1-I,ICOL-1+I)
TEMP(2 ,NROW+ICOL-1 ,NCNT)=I

ENDIF

330 CONTINUE

NPTS (NROW+ICOL-1) =NCNT

340 CONTINUE
RETURN

400 CONTINUE
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DO 420 IROW=1,NROW

IF(IROW.LE.NCOL) THEN
INDX=IROW

ELSE
INDX=NCOL

ENDIF
NCNT=O
DO 410 I=1,INDX

IF(RVALUE(NROW+I-IROW,I) .NE.O) THEN
NCNT=NCNT+l

TEMP(1 ,IROW,NCNT)=RVALUE(NROW+I-IROW,I)

TEMP(2 ,IROW,NCNT)=I
ENDIF

410 CONTINUE
NPTS (IROW) =NCNT

420 CONTINUE
DO 440 ICOL=2,NCOL

IF(NCOL-ICOL.LT.NROW) THEN
INDY=NCOL-ICOL+ 1

ELSE

INDX=NROW
END IF
NCNT=0
DO 430 I=1,INDX

IF(RVALUE' t,ICOL-1+I) .NE.O) THEN
NCNT=NCNT+ 1
TEMP(1 ,NROW+ICOL-1 ,NCNT)=RVALUE(I ,ICOL-1+I)
TEMP(2,NROW+ICOL-1 ,NCNT)=I

ENDIF
An^lf lms? VIVTT,-

t.ull UV 11±4vdz

NPTS (NROW+ICOL-1)=NCNT
440 CONTINUE

RETURN
END

SUBROUTINE VAR(ILAG)
COMMON RVALUE(200,200) ,TEMP(2,400,400) ,NPTS(400) ,MAX,MD1R,MLAG,
1NOFH,GAMMA,NROW,NCOL,NDIAG,AVGR.,A(4),ISTAT,IDLFLAG

NOFH=O

SUM=0

DO 30 INDX=1,NROW.NCOL-1
DO 20 I=1,NPTS(INDX)-1
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DO 10 J=1,ILAG
IF(I+J .LE.NPTS(INDX)) THEN

IF (TEMP(2,INDX,I+3)-TEMP(2,INDX,I) .EQ.ILAG) THEN
NOFH=NOFH+l
SUM=SUM+(TEMP(1,INDX,I+J)-TEMP(1,INDX,I))**2

ENDIF

ENDIF
10 CONTINUE
20 CONTINUE

30 CONTINUE
IF(NOFH.GT.0.AND.SUM.GT.0) THEN
GAMMA=1 .0/C2*NOFH)*SUM

ELSE
GAMMA=O .0

ENDIF
RETURN
END

SUBROUTINE OUTPUT(IDIR, ILAG)
COMMON RVALUE(200,200) ,TEMP(2,400,400) ,NPTS(400) ,MAX,MDIR,MLAG,
1NOFH,GAMMA,NROW,NCOL,NDIAG,AVGR,A(4) ,ISTAT,IDLFLAG

IF(IDIR.EQ.1.AND.ILAG.EQ.1) THEN
IF(ISTAT.EQ.1) THEN

WRITE(11,*)'AVERAGE RADIUS = ',AVGR
WRITE(li ,*)

END IF
WRITE(11,*)'DIRECTION LAG A GAMMA NPTS

ENDIF
WRITE(11 ,900)IDIR,ILAG,ILAG*A(IDIR) ,GAMMA,NOFH
TP (TnT.FTAn rn I ) THEN

WRITE(12,910)ILAG*A(IDIR) ,GAMMA,NOFH
ENDIF

900 FO.RMA-T(5X,I1,7X,I3,5X,F7.2,6X,F7.2,4X,I4)

910 FORl4AT(F7.2,6X,F7.2,6X,I5)
RETURN
END
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C Program for Removing Trend

This program reads in the output of the coordinate labelling program for both

the subject and the average face. The data is stored in two arrays and differenced

to obtain an array of residuals. The output is similar to the two input files in that

it follows the same grid structure. This output file is used as input to the plotting

routines provided in Appendix i.

The code is provided below.

/*

This program reads in the output of f ill.c f or both the mean face
and a subject into two NROW by NCOL arrays. The mean values are then
subtracted from the subject values to produce a grid of residuals
which can be used for plotting or as data for the variogram programs.

To run this program, type:

differ.x <subject fn> <mean face fn> <output fn>

*/

#include<math.h>

#define NROW 100
#define NCOL 50

main (argc, argv)
int argc;
char *argv[]);

int i,j,k,irow,icol,NUM;
float x,y,z,dl,d2,
float Grid [NROW] [NCUL];
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float Mean..Face ENROW] ENCOL);
float Subj ect [NRa WI ENCOL) ;

FILE *f-f ace, *f-mean, *f out;

f..face = fopen(argv[1],for");
f-meaxi - fopen(argv[2l,"r");
fout =fopen(argv[3],"w");

NUM NROW * NCOL;

forO=O0; i<NROW; i++){
for(j=0; j<NCOL; j++){

Grid[i][j] = 0.0;
Mean-Face[i] [jI = 0.0;
Subject[i][j] =0.0;

for(i-0; i<NUM; i++){
fscanf(f..face,"%d %d %~f %f %f %f %f\n",&irow,&icol,&x,&y,&z,&dl,&d2);
Subject Eirowl [icol) = Z

for(i=0; i<NUM; i++){

f scanf (f..-mean, "%d %~d %f %f %f %f %f\n",&irow,&icol,&x,&y,&z,&dl,&d2,);
Meaz-Face[irowJ [icol] z

for(j=0; j<NCOL; j++){
if((Mean-.Face[i] [jI !0)&&(Subject[i] [j] '=0)) f

Grid[i] [j] = Subject~il [j] - Mean..Face[i) [j];

for(i=0; i<NROW; i++){
for(j0O; j<=NCOL-10; j-j+10){

for(k0O; k<10; k++) (
fprintf(fout,"%f ",Grid [i] [j~k]);

I
fprin-tf(fout ,"\rL1);
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fclose(f..face);
fclose(f-nean);
fclose(fout);
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FORTRAN Program for Removing Trend

This program is a FORTRAN version of the preceeding program. The input

and output files are identical to the files described in the previous section.

The code is as follows.

PROGRAM MAIN
DIMENSION GRID(200,200), FACE(200,200), RMEAN(200,200)
CHARACTER INFILE1*32, INFILE2*32, OUTFILE*32
WRITE(6 *) ' THIS PROGRAM FORMS A GRID OF RESIDUALS FOR EACH FACE'
WRITE(6,*) I I
WRITE(6,*) ' ENTER THE NAME OF THE INPUT FILE FOR THE FACE'
READ(5,'(A32)') INFILE1
WRITE(6,*) 'ENTER THE NAME OF THE INPUT FILE FOR THE MEAN'
READ(5,'(A32)') INFILE2
WRITE(6,*) ' ENTER THE NAME OF THE OUTPUT FILE'
READ(5,'(A32)') OUTFILE
WRITE(6,*) 'ENTER THE GRID DIMENSIONS ENROW NCOL]-
READ(5,*) NROW, NCOL
OPEN(10,FILE=INFILE1,STATUS='OLD')
OPEN(1i,FILE=INFILE2,STATUS='OLD')
OPEN(12,FILE=OUTFILE,STATUS='NEW')
TNVU--fTU WL T•TU

DO 20 I=1,NROW
DO 10 J=1,NCOL

GRID(I,J)=O.O
FACE(I,J)=O.O
RMEAN(I,J)=O.O

10 CONTINUE
20 CONTINUE

DO 30 I=I,NUM
READ(1O,*,END=40) IROW,ICOL,X,Y,Z
FACE(IROW+I,ICOL+I)=Z

30 CONTINUE
40 CONTINUE

DO 50 I=I,NUM
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READ(11,*,END=60) IROW,ICOL,X,Y,Z
RMEAN(IROW+1,ICOL+1)=Z

50 CONTINUE
60 CONTINUE

DO 80 I=1,NROW
DO 70 J-1,NCOL

IF(FACE(I,J).NE.O) GRID(I,J)=FACE(I,J)-RMEAN(I,J)
70 CONTINUE
80 CONTINUE

DO 110 I=1,NROW
DO 100 J=O,NCOL-1O,10 0

WRITE(12 ,900) (GRID(I ,J+K) ,K=1,10)
100 CONTINUE
110 CONTINUE
900 FORMAT(1O(F7.3,2X))

END
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C Program for Forming Grid

This program structures the output of the coordinate labelling program into a

grid format. The input file is the output of the coordinate labelling program. The

code is provided below.

/*

This program reads in the output of fill.c into an NROW by NCOL
array which is then output to a file for plotting or updating.

To run the program, type:

grid.x <subject fn> <output fn>

*/

#include <stdio.h>
#include<math.h>

#define NROW 100
#define NCOL 50

main(argc, argv)
int argc;
char *argv[];

int i,j,k,irow,icol,NUM;
float x,y,z,dl,d2;
float Grid[NROW] [NCOL];

FILE *fin, *fout;

fin = fopen(argv[1],"r");
fout = fopen(argv[2],"w");

NUM - NROW * NCOL;
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for(i-O; i<NROW; i++) {
for(jaiO; j<NCOL; j++){

Grid~ji [j) = 0.0,

for(iu'O; i<NUM; i++){
fscamf(fin,"%d %~d %f %f Yf %f Vf\n',&i-row,&icol,&x,&y,&z,&dl,&td2);
Grid Eirowl icoll = z

for(i=O; i<NROW; i++){
for(j=O; j<=NCOL-1Q; j=j+1O){

for(k=O; k<10; kc++) f
fprintf(fout,"%f ",Grid[i] Ej+k));

fclose(f in);
fclose(f out);
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FORTRA4N Program for Forming Grid

This is the FORTRAN version of tbc. preceeding program.

PROGRAM MAIN
DIMENSION GRID (200,200)

CHARACTER INFILE*32, OUTFILE*32
WRITE(6,*) 'THIS PROGRAM FORMS A GRID FOR THE FACES'
WRITE(6,*) I
WRITE(6,*) 'ENTER THE NAME OF THE INPUT FILE'
READ (5, '(A32)') INFILE

WRITE(6,*) ' ENTER THE NAME OF THE OUTPUT FILE'
READ(S, '(A32)') OUTFILE
WRITE(6,*) 'ENTER THE GRID DIMENSIONS [NROW NCOL]'
READ(5,*) NROW, NCOL
OPEN(lO ,FILE=INFILE,STATUS='OLD')

OPEN(1 1,FILE=OUTFILE,STATUS='NEW')
NUM=NROW*NCOL
DO 20 I=I,NROW

DO 10 J=1,NCOL
GRID(I,J)=0.O

10 CONTINUE
20 CONTINUE

DO 30 I=1,NUM

GRID(IROW+1 ,ICOL+1)=Z
30 CONTINUE
99 CONTINUE

DO 110 I=1,NROW
DO 100 J=0,NCOL-10,10

WRITE(11,900)(GRID(I,J+K) ,F=1,10)
100 CONTINUE

110 CONTINUE
900 FORMAT(10(F7.3,2X))

END
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C Program for Consolidating Variogram Files

This program consolidates the output of the experimental variogram program.

The files to be combined are specified in a list.X file which is passed as an argument

in the execution command. The code for this program is as follows.

This program combines the variogram data for a specified number
of subjects and directions in the proper format for input into
the model fitting program.

To run this program, type:

con.x <filename>

*/

#include <stdio.h>
#include <math. h>

NPTS: the number of points in each variogram file
MAXYlIR- .hba mAyimum •miml- -F '11-t f4il-e

VPTS: the number of points in each direction of a file
*1

#define NPTS 40
#define MAXSUBS 30
#define VPTS 10

main (argc,argv)
int argc;
char *argv[];

/*
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i,j: loop variables
nosub: number of subject files in the input file
hE][10: the distance
g[][[1: gamma(h)
n[10: the number of points used in the ganuna(h) calculation
subject-.name[]: temporary variable for subject file names

mnt i'j;
mnt nosub;
float hEMAXSUBS] ENPTS];
float gEMAXSUBS] [NPTS];
f loat n EKAXSUBSJ [NPTS];
char subject-.namne[10);
float t;

FILE *f in) *fdata, *fdl, *fd2, *fd3, *fd4, *f all;

fin = f open (argv L'1 ."r"l);
fdl = fopen(I'dirl.out'l,"W");

fd2 = fopen("'dir2.out","w");

fd3 = foPen("dir3.out"'1,'w1);
fd4 = fopen(I"dir4.out","1w");
fall - fopen("dirall.out"l,"w");

fscanf(f in) "%d\n" ,&nosub);

for(i=0; i~no sub: i++) T
fscanfCf in, "%s\n" ,subject..name);

printf("%s\n" ,subject..naine);
fdata = fopen(subject..name,"r");
for(j='0; j<NPTS; j++) {

fscanf(fdata,"%f %f %~f\ii",&h~i] [ii,&g~i] Eji,&n[i] [jI);

for(i=0; i<VPTS; i++){
for(j=0; j<nosub; j++){

fprintf(fdl ,"%/f %/f %f\n" ,h[j] [i] ,g[j] [ii ,n~j]ri]);
fprintf(fd2,"%f %f %/f\n",h~j] Ei+VPTS],g[j] [i+VPTSJ~n~j][i+VPTS]);
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fprintf(fd3,"%f %f %f\n",h~j) [i+VPTS*2] ,g[j] Ei+VPTS*2] ,n~Ilj[i+VPTS*2]);
fprintf(fd4,"%f %/f Yf\n" ,h[j) i+VPTS*3] ,g[j) [i+VPTS*3] ,n[j] [i+VPTS*3]);

I

for~i=O; i<NPTS; i++){

for(j=O; j~nosub; j++){

fprintf(fall,"%f %~f %f\n",h[jJ [ii,g[j][l C,nj][iil);
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FORTRAN Program for Consolidating Variogram Files

This program is similar to the preceeding program. However, a list file is not

used. The files must be specified in the FORTRAN code.

PROGRAM MAIN

DIMENSION X(S,100) ,Y(5,1oo) ,N(5,100)
OPEN(10,FILE='S1.DAT' ,STATUS='OLD')
OPEN(11,FILE='S1O.DAT' ,STATUS='OLD')
OPEN(12,FILE='S118.DAT' ,STATUS='OLD')
CPEN(13,FILE='S122.DAT' ,STATUS='OLD')
OPEN(14,FILE='S186.DAT' ,STATUS='OLD')
OPEN(15,FILE='Dl.OUT' ,STATUS='NEW')
OPEN(16,FILE='D2 .OUT' ,STATUS= 'NEW')
OPEN(17,FILE='D3.OUT' ,STATUS='INEWI)
OPEN(18,FILE='D4.OUT' ,STATUS='NEW')
OPEN(19,FILE='ALL.OUT' ,STATUS='NEW')
DO 10 I=1,40

READ(10,*)X(1,I) ,Y(1,I) ,N(1,I)
10 CONTINUE

DO 20 I=1,40

READ(11,*)X(2,I) ,Y(2,I) ,N(2,I)
20 CONTINUE

DO 30 I=1.40
READ(12,*)X(3,I) ,Y(3,I) ,N(3,I)

30 CONTINUE
DO 40 I=1,40

READ(13,*)X(4,I) ,Y(4,I) ,N(4,I)
40 CONTINUE

DO 50 I=1,40
READ(14,*)X(5,I) ,Y(5,I) ,N(5,I)

50 CONTINUE

DO 70 I=1,10
DO 60 J=1,5

WRITE(15,*)X(J,I) ,Y(J,I) ,N(JI)
WRITE(16,*)X(J,I+10) ,Y(J,I+10) ,N(3,I+10)
WRITE(17,*)X(J,I+20) ,Y(J,I+20) ,N(J,I+20)
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WRITE(18,*)X(J,I+30),Y(J,I+30),N(I,I+30)

60 CONTINUE

70 CONTINUE
DO 90 I=1,40

DO 80 J=1,5
WRITE(19,*)XJ,I),Y(J,I),N(J,I)

80 CONTINUE90 CONTINUE

END
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Appendix H. Kriging Programs

The appendix includes the kriging programs. The first program is the C pro-

gram for kriging the residuals. The second program verifies the results of the first

program and corrects for numerical difficulties. The last program combines the

kriged surfaces with the trend which was removed during the kriging process. The

first several comment line, f each program provide user instructions. The code may

be obtained by contacting Major Robinson.
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C Program for Kriging

This program det •rmines the estimate and the estimation variance
for the value al each mid point of the grid for each data set.
Currently, the piugram performs universal kriging with the
x and y terms present for the linear drift. This program reads
in the data set values, adjusts for the trend by subtracting the
mean values for the sample faces, and kriges the residuals to
obtain the estimates and the variances.

To compile the program, type:

cc -o krige.x krige.c -im

To run the program, type:

krige.x <list fn> <mean fn> <surface output fn> <var output fn>

(Please reference the user's manual for more details.)

Date of last modification: 22 JAN 90
Date of last modification: 25 JAN 90 dgr

*/

#include <stdio.h>
#include <math.h>
#include "nr.h"
#include "nrutil .h"

/*
The following are the defined parameters.

NX,NY: number of increments on the x,y axes
XMAX,YMAX: maximum values for x,y
XMIN,YMIN: minimum values for x,y
DX,DY: the length of the increments for the x,y axes
KX,KY: scale parameterss for x,y axes
IA: the integer value which defines the zone of influence
A: the zone of influence (range)
C: the sill minus the nugget effect (sill - CO)
CO: the nugget effect
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MAXKPTS: the maximum number of known points in a zone

[Note: IA and MAXKPTS are related in that if IA is
large, kpts could possibly exceed the value of
MAXKPTS. The trade-off is between estimation error
and computational efficiency. Reference documentation
for more information.]

*/

#define NX 100
#define NY 50
#define XMAX 4.
#define XMIN 0.
#define YMAX 300.
#define YMIN 100.
#define DX (XMAX-XMIN)/NX
#define DY (YMAX-YMIN)/NY
#define KX (1.0)/(DX)
#define KY (1.0)/(DY)
#define IA 7
#define A 6.645
#define C 2.226
#define CO 0.689
#define MAXKPTS 200

/*
The following are global variables.

kpts: the number of points in the gamma structure
delta: the value to decrement IA if kpts > MAXKPTS
Mean-Face [I [I: the array of means for the mean face
Sample[][]: the known points in a zone
MatA[][]: the A matrix in the AX=B format for the kriging system
MatB[]: the B matrix in the AX=B format for the kriging system
MatX[]: the X matrix in the AX-B format for the kriging system
Grid[][][]: the array of kriged estimates and variances

int kpts,delta;
float Sanple[MAXKPTS] [3];
float MeanFace[NX] [NY];
float MatA[MAXKPTS+3] [MAXKPTS+31;
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float MatB[MAXKPTS+3];

float MatX[MAXKPTS+3];

float Grid [2] [NX] [NY];

The dimension for the Mat* matrices allows for 3 more

terms than the number of points in a sample:

I - one for the row and column of ones,

2 - one for the x term for the linear drift, and
3 - one for the y term for the linear drift.

struct point {
float angle, latitude, radius;
struct point *next;

struct point *point-array[NX][NY];

void Krerroro;

main(argc,argv)
int argc;

char *argv[];

This is the main portion of the program.

The following are local variables,

i,j: loop variables
*/

int i,j;

int iii;

void DataIno;
void MeanIno;

void DefZoneo;
void FindPts(;

void BuildAO;
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void Build-.BO;
void Build.-Xo;
void Estimateo;
void Outputo;
void InputCheck 0;

InputCheck(argc, argv);

FILE *f log;
flog = f open ("Sample. out" , "1W");*

/* printf("%f %f %d %f %f %f %f %f\n"1,DX,DY,IA,A,C,CO,KX,KY); *

Data-.In(argv[1]);
Mean-.In(argv[2));

for(i=O; i<NX; i++){
for(j=.O; j<NY; j+-'){

/* printf("%d WWIn, a,j) ;*/
if (Mean-..Face [i) [j I =0. 0){
kpts m0;
delta =0;
do{f

Def-.Zone(i ,j);
/* printfQ'%d %d %d %d\n11,,j,kpts,delta); *

delta+t+;

If~et>A1 while ((kpts>=MAXKPTS)&&(delta<=IA));

if(kpts>O){

/* for(iii=O; iii<kpts; iii++){
fprintf(flog,"%f %f %f\n",Sa~mple[iii] [0] ,Sample[iii] (1),Sainple[iii) [2]);

Build-.AO;
Build-B(i,j);
Build-XO;
Estimate(i,j);



}

Output (argv [3) , argv [4));
/* fclose(flog); */

}

void DataIn(argl)
char -argl;

/*
This routine reads in the data. This routine was adapted from
Dr. David G. Robinson's fill.c program.

The following are local variables.

i,j,k: loop variables
m,n: block labeL3
npts: number of data points for a single data set
nosub: number of subject data files to be read
x: angle
y: altitude
z: radius
dld2,d3: dummy variables
subject-name: name of the subject data file to be read

int i,j,k,m,n;
int npts, nosub;
float xy,z;
float dl, d2, d3;
char subject-name[I0];

FILE *fins, *fin;

struct point *temp;

/* initializing pointers to NULL */
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for (i=O; i<NX; i++)
for(j=O; j<NY; j++)
point..array [ii [j] =NULL;

fins = fopen(argl,"r");
fscanf(fins,"Yd\n" ,knosub);

for (k=O ;k<nosub ;k++) f
fsca~nf(fins,"Ys YWdn",subject-.name, &npts);

fin = fopen(subject-.name,'r");

for (i-0; i<npts; i++) f

f scanf (f in, "%f %f %f %~f %~f %f \n", &x, &y, kz, &dl, &d2, &d3);

m = (int)(NY*(y-YMIN)/(YMAX-YMIN));
n = (int)(NX*(x-XMIN)/(XMAX-XMIN));
temp = (struct point *)malloc(sizeof(struct point)),

if( (m>0O)&&(n>0O)){
if (temp != NULL){

temp->angle = X
temp->latitude = y

temp->radius w =

temp->next = point-.array [n] [m];

point-.array~n] Fm] = temp;

fclose(f in);

void Mean-In(arg2)
char *arg2;

This routine reads in the means for each grid point from
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the mean face. The mean face is the average value of ea:h

(ij) grid point for the sample of 30 faces.

The following are local variables.

i,j: loop variables

{

int i,j;

FILE *f_face;

f-face = fopen(arg2,11r1);

for(i-O; i<NX; i++) {
for(j-O; j<NY/10; j++) {

fscanf(f -face,""%f %f %f %f %f %f %f %f %f %f\n",&MeanFace[i] [j*10],

&MeanFace [i] [j * 10+1) ,&MeanFace [i] [j *10+2] ,&MeanFace [i] [j *10+3],

&MeanFace (i] [j* 10+4) ,&MeanFace [i] [j*10+5] ,&MeanFace [i] [j* 10+6),

&MeanFace [i] [j *10+7] ,&MeanFace [i] [j*10+8] ,&Mean-Face [i] [j *10+9));

}
}
fclose(f-face);

}

void DefZone(i,j)
int i,j;

/*
This routine determines which blocks are included in the zone

and calls the FindPts routine to find the points in all

of the blocks.

The following are local variables.
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i2,jj: loop variables
ilow,j low: lower end of the zone

ihigh,jhigh: upper end of the zone

int ii, ilow, ihigh;

int jj, jiow, jhigh;

jiow = i - (IA-delta);

jiow =j- (IA-delta);

ihigh = i + (IA-delta);

jhigh - j + (IA-delta);

jf(i-(IA-delta)<O) ilow = 0;

if (j -(IA-delta) <0) j low = 0;

if(i+(IA-delta)>NX) ihigh = NX;
if(j+(IA-delta)>NY) jhigh = NY;

kpts=O;

for(ii=ilow; ii<=ihigh; ii++){

for(jj~jlow; jj<=jhigh; jj++){
if (Mea~n-ace [ii] [jj] !=0.0){

Find-.Pts~ii,jj,point-.array~ii) Ejj]);

void Find-.Pts(ii,jj,ps)

int ii,jj;
struct point *ps;

This routine fills the Sample array with the points within a

zone. The mean values (Mean-.FaceE [I [D are subtracted from the

data to produce the residual values.



The following are local variables.

x: x coordinate of the (ij) block midpoint
y: y coordinate of the (i,j) bbnck midpoint
h: 'the distance between any t points
templ,temp2: temporary variablus

{
float x,y,h,templ,temp2;

x = ((ii+.5)*DX) + XMIN;
y = ((jj+.5)*DY) + YMIN;

if((ps!=NULL)&&(kpts<MAXKPTS)) {
do
{

templ = (x-(ps->angle)):
temp2 =(y-(ps->angle));

h = sqrt(KX*KX*templ*templ+KY*KY*temp2*temp2);

if(h>O.O) {

Sample[kpts] [0] = (ps->angle);
Sample[kpts] [1] = (ps->latitude);

if((ps->radius)!=O) {

}

else {
Sample[kpts][2] - (ps->radius);

I

If the value of radius = 0, the mean is not subtracted
because subtracting the mean would provide a large
residual which would then be kriged and readded to
the mean resulting in a value almost double what it
should be.

H1-10



kpts++;
}

else {
printf("Note: A sample point coincides with a grid point\n");

}

ps = ps->next;
} while ((ps!-NULL)k&(kpts<MAXKPTS));
} -

void BuildA()

/*

This routine builds the A matrix of the kriging equations.

The following are local variables.

i,j: loop variables
templ,temp2,gamma: temporary variables
h: the distance between any two points

*/

int i,j;
double h,tenpi, temup2,•dmma ;

/*
This portion completes the gamma structure of A.

/* printf("%f %f\n",DX,DY); ,/

for(if0; i<kpts; i++) {
MatA[i] [i]=0.0;
for(j=O; j<kpts; j++) {

tempi = (Sample[i] [01-Sample [j] [0]);

temp2 = (Sample[i][1]-Sample[j][1]);
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h =sqrt (KX*KX*templ*templ+KY*KY*temp2*tem-p2);
tempi - h*h*h;
temp2 - A*A*A;
if(h!=0) {

if(h<A)
gammna = C * (1.5*h/A - O.5*templ/temp2) + CO;

Ma~tA C[i] Ij= gamma;

else ( MatAriJ[j]= C + CO;

else { atA[i][j] =0.0;

I
MatA[jJ [i]=MatA[i] [j];

/* printf("%d %d %f ff\n",i,jbh,lMatA[i)Lj)); *

This portion adds a column and row of 11s.

for(i=0; i<kpts; i++){
MatA[ili[kpts] = 1.0;

/* printf("/.d %d Vf\n",i,kpts,MatA[il~kpts]); *
MatA~kpts] [i.1 = 1.0;

/* printfQ"/.d %d %f\n",kpts,i,MatA~kpts][ij); *

This portion provides terms for a linear trend.

for(i=0; i~kpts; i++){
for(j=0; j<2; j++) (

MatAri] [kpts+1+j]=Sample[i] [j];
1* printf("%d %d %f\n",i,1+j+kpts,MatA~iJ [kpts+l+j]); *

MatA[kpts+j+lJ [ii =Sampie[iJ (j] ;
/* printf("%d %d /.f\n",j+kpts+l,i,MatA[1+kpts+j] [i]); *
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This portion completes A with a block of 0's.
*/

for(i=0; i<3; i++) {
for(j=O; j<3; j++) {

MatA[kpts+il[kpts+j] = 0.3;
/* printf("%d %d %f\n",i+kpts,j+kpts,MatA[kpts+i) [kpts+j]); */

}
}

}

void BuildB(i,j)
int i,j;

This routine builds the B matrix of the kriging equations.

The following are local variables.

ii: loop variable
x: x coordinate of the (i,j) block midpoint
y: y coordinate of the (i,j) block midpoint
h: the distarce betweein any two points
tempi,temp2,gamma: temporary variables

{
int ii;
float x,y;
double h,templ,tomp2,gamma;
x - ((i+.5)*DX) + XMIN;
y = ((j+.S)*DY) + YMIN;

/* printf("/,f %f\n",DX,DY); */
/* printf("%d %d %f %f %f\n",i,j,x,y,A); */
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for(:4i=O; ii~kpts; ii++) f
/* printf ("%d %d %f %f %d %f %iAnl, i,j,x,y,ii, Samnple [ii][0],Samiple[aii)[1]);*/

tempi- (x-Sampleiiii]IiOJ);
temp2 =(y-Sarnple[ii] Li));
h = sqrt(KX*KX*templ*templ+KY*KY*temp2*temp2);

/* printf(''/f %f %f\n'I,h,templ,temp2);*/
tempi -h*h*h;
temp2 -A*A*A;
if(h!=O.O) f

if(h<A)
gamma = C * (1.5*h/A - O.5*templ/temp2) + CO;
Ma~tB~iji - gamma;

/* printf("%cI %/f\n",ii,MatB[iiJ); *

else f MatB[ii] = C + CO;
/* printf("%d %f\n",ii,MatB[ii]); *

I

else{
MatB~ii] =0.0;

/* printf("%d %f\ri",ii,MatB[ii]); *
I

MatB[kptsJ = 1.0;

MatB~kpts+l] = x
MatB[kptst2] - y

void Build-.X()

This routine builds tuie X matrix of the kriging equations.

The following variables are local variables.

i,j: loop variables
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*indx, p, **a, *z, **c: "lull variables

int i,j;
int *jndx;
float p, **a, *z, **c;

indx = ivector(l,kpts+3);
a=matrix(l,kpts+3,i,kpts+3);
z-vector(l,kpts+3);
c-matrix(1 ,kpts+3, 1,kpts+3);

/* printf('l%d\nll,kpts); */

for(i0O; i<kpts+3; i++){
for(j=O; j<kpts+3; j++){

a[i+i) [j+lJ = MatA Ci] [j];

/* printf("'%f %f %/f %f\n',a~i+1] [1] ,a~i+i)[2) ,aBi+1][3],a[i+1] [4)); *

/* printf("%f %f %f\n"1a~i+1] [kpts+ll~a[i+1J [kpts+2] ,a[i+1] [kpts+3J); *
I

ludcmp(a,kpts+3,indx,&p);

for(i=O; i<kpts+3; i++) {
z[i-;1] - MatB[i);

lubksb(a,kpts+3,indx,z);

for~i-O; i<kpts+3; i++) {
matx[i) = z[i+1];

free..matrix(a,l.kpts+3.1,kpts+3);
free-jnatrix(c, 1,kpts413, 1 kpts+3);



void Estimate(i,j)
int i,j;

This routine estimates the value at midpoint of the (i,j) block.

The following are local variables.

ii: loop variable
sum, varsum: temporary variables

int ii;
float sum, varsum;

sum = 0.0;
varsum - 0.0;

for(ii=0; ii<kpts; ii++) {
sum ÷= MatX[ii] * Sample[ii] [2)
varsum += MatX[ii] * MatB[ii];

}

Grid[0O [i] [j] = sum;
Grid[l][i][j] = varsum;

/* printf("%d %d %f %f\n",i,j,sum,varsum); */
/* printf("%f %/f\n",sum,varsum); */

I

void Output (arg3, arg4)

char *arg$, *arg4;

/*
This routine outputs the estimates and variances.
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The following are local variables.

i~j,k: loop variable

int i,j~k;

FILE *f-surf, *f..var, *f..dgr;

f-.surf =fopen(arg3,1'w1);
f-var =fopen(arg4,"w");

f-.dgr =fopen('dgr.out".,"w'f); *

for (i-0O; i<NX; i++) {
for (j=O; j<=NY-1O; j-j+1O){

for(k=O; k<10; k++) f
fprintf (f..surf ,"%f ",Grid [0][i] [j+kJ);

I
fprintf(f~surf,"\n");

for(k0O; k<10; k++) {
fprintf(f-.var,'%f ",Gr-id[1]Ci] [j+k]);

I
f Printf (f-var, "\nl);

fclose(f..surf);
fclose(f-.var);

void InputCheck(argc, argv)
irit argc;
char *argv[];

/* obtain file name from command string *
/* check for correct number of arguments *

if (argc !=3)
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printf("\ns requires file names as parameters\n",argv[0]);
printf(" Usage: krige.x <list fn> <mean fn> <surface output fn>

<var output fn> \n");
printf (" Example:\n krige.x list.a fmean.dat newmean.dat
variance.dat\n");
exit (0);
}
return;

/* argc is a counter from the command line, its the number of argv variables */
/* argv[O] contains the program name, it's a string */

/* Krerror: .1
/, allows gracefull exit from program in case of serious error *//*******************************************************************/*
void Krerror(errortext)
char error-text [];
{

fprintf(stderr," Kriging run-time error... \n");
fprintf(stderr,"%s\n" ,error-text);
fprintf(stderr,".. .now exiting to system...\n");
exit ();

The following routines were adapted from Numerical Recipes
foz C.

/ ******************************************************#***,,,/

#define TINY 1.0e-20;

void ludcmp(a,n,indx,d)
float **a;
int n,*indx;
float *d;
{

int i,ima~x,j,k;

float big,dum,sum,temp;
float *vv,*vector);
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void nrerror(),free-.vectorot;

vv-vector(l,n);

*d-1.O;

for (i-il;i<-n;i++){
big-O.0;
for (j1l;j<=n;j++)

if ((temp-fabs(a~iJ[j))) > big) big-temp;

/* ~if (big -= 0.0) nrerror("'Singular matrix in routine LUDCMP"); *
if (big -= 0.0) printf ("Singular matrix in routine LUDCMP\n'l);
vv[i]=1 .0/big;

for (j1i;j<-n;j++){
for (i=1;i~j;i++){

sumina[i] [jJ;
for (k=1;kci;k4+) sum -=a~iJ[k)*a~k][jJ;

a[i] rj]=sum;

big=O.0;
for (i=j;i<=n;i++){

sum=a[i) fi)
for (klc=;k<j;k++)

sum -- a[i]E[k]*a[kl j];
a~i) [j]=sum;
if ((dum=vv[i]*fabs(sum)) >= big){

imax~i;

if (j imax){
for (k-l;k<-n;k++){

dum-a~imax) [k];
a [imax] [k] =a [j]I [k];
a~ji [klhduzn;

vv[imaxl>vv[j];

indx[j]=ima~x;



if (a~j][j) u 0.0) a~j)Ej]=TINY;
if Qj != n){

dum=1.0/(a~j) [ii);
for (i~j*1;i<=n;i++) a~ii~jJ dum;

free-.vector(vv,l1,n);

#undef TINY

void lubksb(a,n,indx,b)
int n,*indx;
float **a,b[);

{ n ~i=~pj

float sum;

for (iul;i<=n;i++){
ipiAndx [i];
sum-b[ip);
b[ip]=b[iJ;
if (ii)

for (j=ii;j<=i-i;j..e) sum =a~i)F~j]*b[j);

elste if (sum) ii=i;
b [i] sum;

for (i-nn;i>=1;i--){
sum=b[i);
for (j=i+l;j<=n;j++) sum -=a[i1[j]*brjJ;

b[iJ=sum/a[i] [i];

1* #include <malloc.h> *
#include <stdio.h>

void nrerror(error..text)
char errcor.text E];

/*void exito;*/
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f printf (stderr, "Numerical Recipes run-time error... n)
fprintf(stderr, "%s\n" error-.text);

fprintf(stderr,"... .now exiting to system. . .n
exit(i);

float *vector(ni,nh)
int nl,nh;

float *v;

v-(float *)malloc((unsigned) (nh-nl+l)*sizeof(float));
if (!v) nrerror ("allocation failure in vectoro");
return v-ni;

int *ivector(nl,nh)
int nl,nh;

int *v;

v=(izit *)malloc((unsigned) (nh-nl+l)*sizeof(int));
if (iv) nrerror(I"allocation failure in ivectoro");
return v-ni;

double *dvez-tor(nlnh
int nl,nh;

double *v;

v=(double *)niaiioc((unsigned) (nh-nl+1)*sizeof(double));
if (!v) nrerror("'allocation failure in dvectoro");
return v-ni;

float **matrix(nri ,nrh,ncl ,nch)
int nrl,nrh,ncl,nch;
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jut i;
f loat **in;

m=(float **) inalloc((unsigned) (nrh-nrl~l)*sizeof(float*));
if (Om) nrerror("'allocation failure 1 in inatrixo");
mn -= ari;

for(i-nrl; i<-nrh; i++)f
mri]-(float *) malloc((unsigned) (nch-ncl~l)*sizeof(float));
if (!i[i]) nrerror(I"allocation failure 2 in inatrix()");
in[i] -- nci;

return mn;

double **dmatrix(nrl,nrh,ncl ,nch)
jut nrl,nrh,ncl,nch;

mnt i;
double **m;

m=(double *4k) inalloc((unsignad) (nrh-nrl+l)*sizeof(double*));
if ('m) nrerror ("allo,:at ion failure 1 in dinatrixo");
m -= ari;

for(i=nrl; i<nrh; i+4){
m[i]h(double *) malloc((unsigned) (nch-ncl+1)*sizeof(double));
if (!m[i]) nrerror(I"allocation failure 2 in dniatrixo");
M~i] -= ncl;

return mn;

mnt **limatrix(nrl,nrh,ncl,nch)
mnt nrl,nrh,ncl,nch;

jut i,**m;

MU(int **)malloc((unsigned) (nrh-nrl+l)*sizeof(int*));
if Omi) nrerror("allocation failure 1 in imatrixQl");
m -= nri;
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for(i-nrl;i<-nrh;i++) f
m[i)=(int *)malloc((unsigned) (ncli-ncl~1)*sizeof(int));
if ('m[iJ) nrerror("'allocation failure 2 in imatrixo"):,

m~i) -= ncl;

return m;

float **subinatrix(a,oldrl,oldrh,oldcl,oldch~newrl,newcl)
float **a;
int oldrl,oldrh,oldcl,oldch,riewrl ,newcl;

int i~j;
float **m;

m=(float **) malloc((unsigned) Coldrh-oldrl+l)*sizeof(float*));
if (Om) nrerror("'allocation failure in submatrixo");
m -~ newrl;

for(i=oldrl,j=newrl;i<=oldrh;i++,j++) m[j)=a[i]+oldcl-newcl;

return m;

void free..vector(v,nl,nh)
float *v;
int nl,nh;

free((char*) (v+nl));

void free-.ivector(v,nl,nh)
int *v,nl,nh;

free((char*) (v+nl));
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void free..dvector(v,nl ,nh)
double *v;

int nl,nh;

free((char*) (v+nl));

void free-.matrix(m,nrl ,nrh,ncl ,nch)
float **m;
int nrl,nrh,ncl,nch;

int i;

for(i-nrh;i>=nrl;i--) free((char*) (m[i]+ncl));

free((char*) (m+nrl));

void free-.dmatrix(m,nrl ,nrh,ncl ,nch)
double **m;
int nrl,nrh,ncl,nch;

int i;

void free-.irnatrix(m,nrl,nrh,ncl,nch)
int **m;
int nrl,nrh~iicl,nch;

iut iP

for(i=nrh;i>-nrl.;i---) free((char*) (m~i)+ucl));

free((char*) (m+nrl));

void free..submatrix(b,nrl ,nrh,ncl ,nch)
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f loat **b;
int nrl,nrh,ncl,nch;

free((char*) (b+nrl));
I

float **convert-.matrix(a,nrl ,nrh,ncl ,nch)
float *a;
int nrl,nrh,ncl,nch;

int i,j,nrow,ncol;
float **in;

nrowvnrh-nri+l;
ncol~nch-ncl+1;
m= (float **) malloc((unsigned) (nrow)*sizeof(float*));
if (Om) nrerror(I'allocation failure in covr-atio)
m -- nrl;

for(i0O,j-nrl;i<=nrow-1;i4+,j++) m~j]=a+ncol*i-ncl;
return mn;

void free-.convert..xatrix(b~nrl,nrh,ncl,nch)
float **b;
int nrl,nrh,ncl,nch;

free((char*) (b+nrl));
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Verification Program

This program reads in the output of krige.c and verifies the means
and variances to ensure numerical problems weren't encountered.
If the values are wrong, new estimates are obtained by kriging
the neighboring values.

To run this program, type:

verify.x <residuals fn> <variance fn> <mean.out fn> <var.out fn>

Date of last modification: 22 JAN 90

#include <stdio.h>
#include<math.h>
#ir.clude "nr.h"
#include 'nrutil. h"

/*'

The foll.owiD3 are the define parameters.

NROW,NCOL: number of increments on the x,y axes
MAXMN: the tolerance on the kriged residuals
DELTA: the parameter which defines the neighborhood for kriging
X4AXYMAX: maximum values for xy
XMIN,YMIN: minimum values for x,y
DX,DY: the length of the increments for the x,y axes
KX,KY: scale parameters for x,y axes
MAXPTS: the maximum number of points in a zone

*/

#define NROW 100
#define NCOL 50
#define MAXMN 50
#define DELTA 5
#define XMAX 4.
#define XMIN 0.
#define YMAX 300.
#define YMIN 100.
#define DX (XMAX-XMIN)/NROW
#define DY (YMAX-YMIN)/NCOL
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#define KX (1.0)/(DX)
#define KY (1.0)/(DY)
#define MAXPTS 200

The following are global variables.

num: the number of sampled points
Sample[I[[: the known points in a zone
MatA[][]: the A matrix in the AX=B format for the kriging equations
MatB[: the B matrix in the AX=B format for the kriging equations
MatX[ i: the X matrix in the AX=B format for the kriging equations

int num;
float Sample[MAXPTS] [3);
float MatA[MAXPTS+3] [MAXPTS+3];
float MatB[MAXPTS+3];
float MatX[MAXPTS+3];

main(argc,argv)
i-r4 argc;

char *argv[];

/*

This is the main portion of the program.

The following are local variables.

i,j,k,irow,icol,i1,jj: loop variables
numbad: counts the number of points which are out of tolerance
iilow,iihigh,jjlow,jjhigh: ranges for loop variables ii,jj
x,y: grid point coordinates
sumvarsum: temporary variables
Grid[][][]: output means and variances
Mean[] [: input means
Var[] []: input variances

*/

int i,j,k,irow,icol,numbad;
int ii,iilow,iihigh,jj,jjlow,jjhigh;
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float x,y;I
float sum,varsum;
float Grid [21 [NROW1 [NCOL];
float Mean ENROW] [NOOL];
float Var ENROW] [NOOL];

void Build-AO;

void Build_.BO;
void Build-Xo;

FILE *f-mnin, *f-varin, *f..mnout, *f-varout;

f-.mnin -fopen(argv[1]."r");

f...varin f open(argv [21 ,1ri");
f-mnnout =fopen(argv[3L,"w");

f.-varout =fopen(argv[41,"w");

for(i=C; i<NROW; i++) {
for(j=O; j<NCOL; j++){

Grid[O][i][j] = 0.0;
Grid[1] [ii [ji = 0.0;
Mean[i][j] 0.0;
Var[i][j] =0.0;

for(i=0; i<NROW; i+'+){
for(j=0; j<NCOL/10; j++ý){

fscanf(f-.mnin,"%/f %/f %f %hf %f %f %/f %/f %f %/f\n",&Mean!IiJFj*10],
&Mean[i] [j*10+1J ,&Mean[i] [j*10+2] ,&Mean[i] [j*10+3J ,&Mean[iJ [j*10+4],
&Mean[i] [j*10+5] ,&Mean[i] [j*10+6] ,&Mean[i] [j*10+7J ,&Mean[i] [j*10+8],
&Mean[i] tj*10+9]);

for(i0O; i<NROW; ji++){
for(j=0; j<NCOL/10; j++){

fscanf(f-varin,',%f %f %f %f %/f %f %/f %f %f %/f\n',&Var[iJ[j*10j,
&Var[i] [j10+1] ,&Var~i] [p10+2] ,&Var[i] [j*10+3] ,&Var[i] [j10+4],
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&Var[i] [j*1O+5) ,&Var~i] Elj*1O+6] ,&Va~r~i] (j*1047] ,&Var[i] Elj*1O+8J,
&Var [i] [j* 10+91)

for(4'=G; i<NROW; i++){
for(j0O; ;<NCOL; j++){

if((Mea~n~i)[j]<MAXMN)&&(Meanti] [jJ>-MAXýlN)) f
Grid [0] (ii [j]=Mean Ei] [ji]
GridEli] Eli] [j]=Var El [lj]

else{

nuinbad++;
printf ("Correcting point %d4 , ni~

iilow = i - DELTA;
jjlow = j - DELTA;

iihigh = i + DELTA;

jjhigh = j + DELTA;

if(i-DELTA<0) ijiow = 0;

if (j-DELTA<0) jjlow = 0;
if(i+DELTA>NROW) iihigh = NROW;
if (j+DELTA>NCOL) jjhigh = NCOL;

num = 0;

for(jj=jjlow; jj<.jjhigh; jj++){
if((Mean[ii] [jj] !=0)&&(MearLEii] [jj]<MAXMN)&&(Meaxi~liiJ [ii]

-MAXMN)) f

sample[numo][0 = (ii+.5)*DX+XMIN;

sample~num][1li = (jj+.5)*DY+YMIN;
Sample [num] [2] = Mean [ii] [jj];
num1++;

Build-A0;
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Build-B(i,j);
Build-.XO;

sum = 0.0;
varsum - 0.0;

for(ii=0; ii~num; ii++){

sum +-MatX[ii] * Sample~ji) [2];
varsum += MatX[iiJ * MatB [ii];

Grid [0][i) [j] -sum;
Grid[1][i)[j] = varsum;

for~i-0; i<NROW; i++){
for(j-0; j<=NCOL-10; j~j+I0){

for(k=0; k<10; k++) {
fprintf(f..mnout,"%/f ",Grid[OJ Ci] Cj+kJ);

fprintf.Cfjnnout,"\n");

for(i=0; i<NROW:- i++){
for(j-0; j<-NCOL-10; j=j+10){

ior~kukO; ki!O; k++) {.
fprintf (f..varout ,"%f ",G-rid Llli] [ijC+k]);

fprintf (f..varout,ll\n");

printf("Nuxnber of points corrected =%d \n",nuaibad);

fclose(f...rnin);
f close(f...mr~out);
fclose(f..varin);
fclose(f-varout);
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void BuildA()

This routine builds the A matrix of the kriging equations.

The following are local variables.

i,j: loop variables
templ,temp2: temporary variables
h: the distance between any two points

int i,j;

float templ,temp2,h;

/*

This portion completes the gamma structure of A.

for(i=O; i<num; i++) {
MatA [i] [i]=O.O;
for(j=O; j<num; j++) {

tempt= (Sample[i] [OJ-Sample[j] [0]);
temp2 - (Sample[i] [11-Sample[j] [1]);
h = sqrt(KX*KX*•templ*templ+KY*KY*temp2*temp2);
MatA[i][j]= h;
Mat+r• F~i] -.M.+^i r41 P.•

----- 6-. j -..a .v ,--. j I.jj

/*

This portion adds a column and row of P's.

for(i=O; i<num; i++) {
MatA[i)[num] = 1.0;
MatA[num][i] = 1.0;

}

H-31



1* -

This portion provides terms for a trend.

fox(i=O; i<num; i++) {
for(j-0; j<2; j++) {

MatA [i] [num+l+j ] =Sample [i] [j] ;
MatA [num+j l+ [i] =Sample [i] [j] ;

}

/,

This portion completes A with a block of 0's.
*/

for(i=0; i<3; i++) {
for(j=0; j<3; j++) {

MatA[num+i] [num+j] = 0.0;
}

}

void BuildB(i,j)
int i,j;

/,

This routine builds the B matrix of the kriging equations.

The following are local variables.

ii: loop variable
x: x coordinate of the (i,j) block midpoint
y: y coordinate of the (i,j) block midpoint
h: the distance between any two points
templ,temp2: temporary variables

*/

{
int ii;
float x,y,htempl,temp2;

x ((i+.5)*DX) + XMIN;
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y = ((j+.5)*DY) + YMIN;

for(ii=O; ii<num; ii.+){
tempi - (x-Sample[ii][O));
temp2 - (y-Sample[ii] [1]);
h - sqrt(KX*KX*templ*templ+KY*KY*temp2*temp2);
MatB~jii h;

MatB~num] 1C
MatB~num+1] x;
MatB[num+2] Y;

void Build..X(

This routine builds the X matrix of the kriging equations.

The following variables are local variables.

i,j: loop variables
*indx, p, **a, *z, **c: "lu" variables

int i,j;
mnt *indx;
float p, **a, *z, **c;

mndx = ivector(l,nu~m+3);
a=matrix(1 ,nuzn+3, 1,num+3);
z=vector(1 ,num+3);
c=matrix(l,nuiu+3,1,num+3);

for(i=O; i<num+3; i++) (
for(j0O; j<num+3; j++){
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a~i+1)E[j+1] MatA~i] j];

ludcmp(a~num+3,indx,&p);

for(i0O; i~num+3; i++){
z~i+1J - MatB~i);

lubksb(a,num+3,izidx,z);

for(i0O; i<num+3; i++){
Ma~tX[i) = z[ill];

free..matrix(a,l1,num+3, 1,num+3);
free-matrix(c, 1,num+3, 1,num+3);

The following routines were adapted fiom Numerical Recipes
for C.

*define TINY 1.Oe-20;

void ludcznp(a.n.indx.d)
float **a;
mnt n,*indx;
float *d;

mnt i,imax,j,k;
float big,dum,sum,ternp;
float *vv,*vectoro;
void nrerror(),free-.vectoro;

vv=vector(1 ~n);

*d=1.O;
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for (i1l;i<=n;i++){
big=0.0;
for (j-i;j<rnn;j++)

f
if ((temp=fabs(a[iJ[j])) > big) big~temp;

I
1* if (big -c0.0) nrerror("'Singular matrix in routine LUDCMP"l); *

if (big -- 0.0) printf ("Singular matrix in routine LUDCMP\n");
vv[i]=1 .0/big;

for (j1l;j<=n~j++){
for (iui;i<j;i++){

sum~a[i] [j];
for (k=i;k<i;k++) sum -a~i] [k]*a~k] [j];
a~i) Ej~sum;

big=0.0;
for (i=j;i<=n;i++){

sum~a~i] [j];
for (k=l;k<j;k++)

sum -= a[i)[(k]*a~kJ [j];
a~i] [j)=sum;
if ((dum=vv[i)*fabs(sum)) >= big){

big=dum;

imax=i;

if Qj! imax){
for (k1l:k<=n:k++) A

dum=a[imax] [k];
a[imax] [k]=aL~j) [k];
a~j] [k]-dum;

*d -('Id);

vv~amaxJ=vv~jJ;

indx~j)=ima~x;
if (a~j]Ej) = 0.0) a~j][j]=TINY;
if != n){

for (i=j+l;i<-n;i+4) a[i][j] *=dum;
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I
free-.vector(vv,l1,n);

I

#undef TINY

void lubksb(a,n,indx~b)
int n,*indx;
float **a~b0];

iut i~ii=O,ip,j;

float sum;

for (i=1;i<-n;i++){
ip=indx[i];
sum=b[ip];

if (ii)
for (j~ii;j<=i-l;j++) sum -atiJ~j]*b[j];

else if (sum) ii~i;
b[il-sum;

for (izn;i>=l;i--) I'
sum=b[iJ;

for (j-i+l;j<=n;j++) sum -=a~i1[j)*b~j];

b [i] sum/a [i] (i];

/* #include <malloc.h> *
#include <stdio.h>

void nrerror(error-.text)
char error-.text[];

void exitO;

fprintf(stderr,"Numerical Recipes run-time error ... n)

fprintf (stderrD"%s\n , error-.textu);

fprintf(stderr,". .. .now exiting to system ... n)
exit (1)
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float *vector(nl,nh)
int nl~nh;

float *V;

v-(float *)malloc((unsigned) (nh-nl+i)*sizeof(float));

if (Iv) nrerror("'allocation failure in vectoro");

return v-ni;

int *ivector(nl ,nh)
int ul~nh;

int *v;

v-(int *)malloc((unsigned) (nh-nl+l)*si-zeof(int));
if (Iv) nrerror("'allocation failure in ivectoro");

return v-ni;

double *dvector(nl,nh)
int nl,nh;

double *v;

V=(double *)malloc((unsigned) (nh-nl+i)*sizeof(double));
if (Ov) nrerror(I'allocation failure in dvectoro");
return v-ni;

float **matrix(nrl,nrh,ncl,nch)
mnt nrl,xirh,ncl,nch;

mnt i;
float **m;

m=(float **) malloc((unsigned) (nrh-nrl+l)*sizeof(float*));
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if O!m) nrerror("Iallocation failure 1 in matrixo");

mn -- nrl;

for(i-nrl;i<=nrh;i++){
minli)(float *) malloc((unsigned) (nch-ncl+1)*sizeof(float));
if (!m[i]) nrerror("'allocation failure 2 in matrixo");
m~iJ -- ncl;

return mn;

double **dmatrix(nrl,nrh,nc2.,nch)
mnt nrl,nrh,ncl,nch;

int i;
double **m;

in=(double **) malloc((unsigned) (nrh-zirl+l)*sizeof(double*));

if Omi) nrerror("'allocation failure 1 in dmatrixo");
in -= nrl;

for(i-nrl;i<=nrh;i++){
in[i]=(double *) rnalloc((unsigned) (nch-ncl*l)*sizeof (double));
if (!nfi)) nrerror (11allocat ion failure 2 in dmatrixo");
in[i] -= ncl;

return mn;

mnt **iinatrix(nrl ,nrh,rncl ,nch)
mnt nrl,nrh,ncl,nch;

mnt i,**m;

in=(int **)malloc((unsigned) (nrh-nrl+1)*sizeof(int*));
if Omi) nrerror("'allocation failure 1 in irnatrixo");
mn -= nrl;

for(i=nrl;i<=nrh;i++){

in[i]=(int *)malloc((unsigned) (nch-ncl+1)*sizeof(init));
if (!m[i]) nrerror (11allocat ion failure 2 in imatrixo(");
rn~i) -= ncl;

11-38



return mn;

float **subinatrix(a,oldrl ,oldrh,oldcl,oldch,newrl,,newcl)
float **a;
int oldrl,oldrh~oldcl,oldch,newrl,newcl;

int i,j;
float **m;

in=(float **) malloc((unsigned) (oldrh-oldrl+l)*sizeof(float*));
if (Om) nrerror(I'allocation failure in submatrixo"1);
m -- nevrl;

for(i=oldrl,j=newrl; i<=oldrh;i++,j++) m[j]=aL~i]+oldcl-newcl;

return m;

void free..yector(v,nl,nh)
float *v;
int nl,nh;

free((char*) (v+nl));

void free..ivector(v ,nl ,nh)
mnt *v,nl,nh;

free((char*) (v+nl));

void free-.dvector(v,nl,nh)

double *v;
mnt nl,nh;

free((char*) (v+nl));
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void free...matrix m,nrl ,nrh ,ncl ,nch)
float **m;
:nt nrl,nrh,acl,nch;

jint i;

for(i=nrh;i>=nrl;i--) free((char*) (m~il+ncl));
free((c~har*) (m+nrl));

void free..dmatrix(m,nrl,nrh,ncl,nch)
double **m;
int nrl,nrh,ncl,nch;

int i;

for(i=nrh;i>=nrl;i---) free((char*) (m[iJ+ncl));

free((char*) (m+nrl));

void free-.imatrix(m,nrl,nrh,ncl,nch)
imt **m;
int nrl,nrh,ncl,nch;

int i;

for(i=nrh;i>=nrl;i--) free((char*) (m[iJ+ncl));
free((char*) (m+nrl));

void free-.subrnatrix(b,nrl,nrh,ncl,nch)
float **b;
int nrl,nrh,ncl,nch;

free((char*) (b+nrl));
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float **convert-.matrix(a,nrl,nrh,ncl,nch)
float *a;
int nrl,nrh,ncl,nch,

jint i~j,nrow,ncol;
float **m;

nrow~nrh-nrl+l;
ncol=ncli-ncl+i;
m = (float **) malloc((unsigned) (nrow)*si~zeof(float*));
if (Om) nrerror('allocation failure in convert-juatrix()");
m -= nri;

for(i=O,jmnrl;i<=rirow-1;i++.j++) mn[Jl~a+ncol*i-ncl;

return m;

void free-convert-jnatrix(b,nrl,r~rh,ncl,nch)
float **b;

Pit nrl,nrh,ncl,nch;

free((char*) (b+nrl)');
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Program for Inclusion of Trend

This program reads in the output of krige.c and the mean face and
combines them to obtain the surface estimates.

To run this program, type:

add-trend.x <subject fn> <mean face fn> <output fn>

#include <stdio .h>
#include<math.h

#define NROW 100
#def ine NCOL 50

main(argc, argv)
mnt argc;
char *argv[j;

mnt i,j,k,irow,icol,NUM;
float x,y~z,dI,d2;
float Grid l(NROW1 (NCOL];
float Mean-.Face [NROW] ENCOL];
float Subj ect [NROW] [NCOL];

FILE *f~face, *f-.mean, *Yout;

f..face = fopen(argvC1l,"r");
f..mean - foper1(argv[2],I"r'!);
fout -fopen(argv[3J,"w'f);

NUM NP.OW * NCOL;

for(i0O; i<NROW; i++){
for(j0O; j<NCOL; j++){

Grid~ihij] - 0.0;
MeanFace[i][jJ 0.0;
Subject[i][j] z! 0.0;
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for(i0O; i<NROW; i++){
for(j=O; jOrCOL/1O; j++){

fscanf(f..face,"%f %f %f %f %f %f %f Yf %f %f\n",&Subject~i]Cj*1O],
&SubjectLi]l~j*1O+1) ,&Subject Li] Lj*1O+2) ,&Subject Li] Lj*1O+3],
&Subject Li] Lj*1O+4] ,4Subject Li] Lj*1O+5] ,&Subject Li) j*1O+6],

&Subject Li] j*1O+7] ,&SubjectLi]l~j*1O+8] ,kSubject Li] [j*1O+9]);

for(i0O; i<NROW; i++){
for(j=O; j<NCOL/1O; j++){

f scanf (f..-mean,"%lf %f %f %f %/f %f %f %f %~f Yf\n",&Mean_.Face~i][j*1O],

&Mean-.Fac~e[i]lji*1o+1],&Mean..Face[i l~j*1O+2] ,&Mean-.Face[i] [j*1O+3],
&Mean..Faceri)l~j*1O+4] ,&Mean-.Face~i] [j*1O+5.- ,&Mean-Face[i]l~j*iO+6],
&Mean-Face~i)l~j*1O+7) ,&Mean-.Facq~i] Lj*1O+8] ,&Mean-Face~i]l~j*10+9]);

for(i0O; i<NROW; i++){
for(j=O; j<NCOL; j++){

Grid [A] [ I =Mean-Pace Li] [j j +Subj ect Li] LjI]

for(i=O; i<NROW; i++){
for(j=O; j<=NCOL-1O; j-j+1O){

for(k0O; k<10; k++) f

fprifltf(fout,"Yf ",Grid~i] Lj+k]);
I

fclose(f-.face);
fclose(f-.mean);
fcjlose(fout);
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Appendix I. Bayesian Analysis Programs

This appendix includes the program for updating the means and variances

obtained through the kriging process. The execution command is provided in the

initial comments. The second program creates the data file of initial variances.
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C Updating Program

This program reads in the output of krige.c and the current
estimate of the surface and combines them into the new surface
estimate.

To run this programr, type:

update.x <surf m> <surf v> <subm> <subv> <outm> <outv>

#include <stdio.h>
#include<math .h

#ldefine NROW 100
#define NCOL 50

main(argc ,azgv)
mnt argc;
char *argv[];

int i,j~k,irow,icolNUM;
float x,y,z,dl,d2,K;
float Grid [21 [NROW] ENCOL];
float Surface [2] [NROW] ENCOL];
float Subject [2] [NROW] ENCOL];

FILE. *fsur-.'m, *?..surfv, *t~subm, *?-subv, *foutm, *t..outv;

f..-surf m = f open(argv [1)."r"f);
f-.surfv - fopen(argv[2],11r");
f..subm - fopen(argv[3],"r");
f..subv = fopen(argv[4J,"rfl);
f-.outm = fopen(argv[51,1'w");
f-.outv = f open (argv [6],P"1W1);

for(i=0; i<2; i++) f
for(j-0; j<NROW; j++){

for(k=0; k<NCOL; kft4){
Surface Cil (j] k] = 0. 0;
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Subj ect [i][j]ILk] = 0. 0;
Grid Eil [jI[k] 0, 00;

for(iinO; i<NROW; i++){
for(j=0; j<NCOL/10; j++){
fscanf(f..surfni,"%f %f %f %f %f %f %f %f %~f Yf\n21,&Surface[0] Li][j*10],

&Surf ace (0][iil~j*10+1] ,&Surface [0] i] [j*10+2] ,&Surf ace [0] i] [-*10+3],
&Surf ace [0] [iilj*10+4] ,&Surface[0] Li] [j*i0+5] ,&Surface O[0Li] [j*10+6],
&Surface[0]Li]l~j*I0+7) ,&Surface[0] Li] [j*10+81 ,&Surface [0I] [i j*10+9);;

for(i0O; i<NROW; i++){
for(j=0; j<NCOL/10; j++){
fscanf(f-.surfv,"%~f Yf Yf %f %f %f %f %f %f %f\n",&Surface[l1J[iHj*10],

&Surface[1] Li] [j*10+1J ,&Surfacell] i:] [j*10+2] ,&Surface~l]Li]l~j*10+3],
&Surface~l] Li)[j*1.0+4J ,&Surface~l] Li] Lj*10+5] ,&Surfa-e~l]l~i] [j*ý0+6],
kSurf ace [1] i) Li*10+7] ,&Surface[1) Li) [j*10+8],&Surface [1] Li][j*10+9]);

for(i0O; i<NROW; i++){
for(j=0; j<NCOL/10; j++){
fscanf(f-subm,"%f %~f %f Yf %f %f %f Yf %f '/.f\n",&Subject[0]Li]l~j*i.0],

&Subject[0] Li] Lj*10+1] ,&Subject[O] Li] Lj*10+2] ,&Subject[0] [i] Lj*10+3],
&SubjectL0 Li]l~j*l0'4] ,&Subject[O] Li] [i*i+5] .&Subiect[0] [ii [i*10+61.
&Subject [0] [ii[j*l0+7] ,&Subject [0]Li]l~j*10+8] ,&Subj ect [0] i] [j*l0+9J);

for(i=0; i<NROW; i++){
for(j=0; j<NCOL/10; j++){
fscanf(f-.subv,"%f %f %/f %/f %:f %/f %f %f %.f Y/.f\n",&Subject lli]Li] j*i0],

&Subject l]i] L) j*10+i] ,&Subject~l] Li] Lj*10+2] ,&Subject L) i] i ~*10+3],
&Subjectli] Li-] j*i0+4] ',&Subject[l)i] L)j*i0+5] ,&SubjectLi]L~i]l~j*10+6].
&Subject li] i] Lj*io+7],&Subject~i] Li] [j*i0+8] ,&Subject Li] Li] j*10+9]);
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for(i=O; i<NROW; i++){

for(j=O; j<NCOL; j++){

it (Subj ect [1] Li] [j)I>0.0){
K=Surf ace li] Li][j]/(Surface~l]Li]l~j]+Subject li] i][jL]);
Grid (O] Li] Cj]I=Surface [O) Li] [j]+K*(Subject [0] Ci I j] -Surf ace [0] Li] ILj]);
Grid~l] Li] Lj]=Surface~l] Li][j]-K*Surface~l] Li] Lj];

else{
Grid [0] Li) [j]I=Surf ace Cl] Li[i][jI;
Grid li) Li] [j]=Surface~l] Li] [j] ;

for(i0O; i<NROW; i++){
for(j=0; j<=NCOL-iO; j~j+iO){

for(k0O; k<10; k++) f

fprintf (f-.outm, "%f gg,Gr id [0] i]Lj +k));

fprintf(f..outm,"\n");

for(i0O; i<NROW; i++){

for(j=0; j<=NCOL-i0; j=j+1O){
for(k=0; k<10; k++) f

fprintf (f-.outv, "%f ",G;rid[1Li] L] U+k));

printf(f..outv,"\n");

fclose(f-.surfm);
fclose(f...surfv);
fclose(f-.subm);
fclose(f-.subv);
fcluse(f..outm);
fclose(f-.outv):
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Program for Generating Initial Variances
/*

This program creates and array of constant variances and writes
them to a file called initial.var.

To run the program, type:

same-var. x

#include <stdio.h>
#include<math. h>

#define NROW 100
#define NCOL 50
#define VAR 20.0

main (argc, argv)
int argc;
crnar *argv[];

int i,j,k,irow.icol,NrUM;
float x,y,z,dl,d2;
float Grid [NROW] [NCOL];

FILE *fout;

fout = fopen("initial. var", "w");

NUM = NROW * NCOL;

for(i=O; i<NROW; i++) {
for(j=O; j<NCOL; j++) {

Grid[i][j] - VAR;
}

}

for(i=O; i<NROW; i++)
for(j=O; j<=NCOL-iO; j=j+10) {

for(k=O; k<10; k++) {
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fprintf(fout,"Yf ",Grid~i] [j+k]);

I
fprintf (f out ," \n");

f closeCf out);
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Appendix J. Graphics Programs

This appendix includes the Interactive Data Language (IDL) procedures which

were used to plot the variograms and surfaces. IDL is a product of Research Systems,

Inc.. More information on IDL is available in the Introduction To IDL and the IDL

User's Guide. The following programs are only a sample of the routines which were

used. However, these procedures sufficiently demonstrate the method for producing

the plots.
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Variograma Plotting Procedure3

This section provides examples of the variogram plotting programs. The first
program generates a postscript file for the variograms of Subject 09. The code is
provided below.

set..plot"P, '
device ,font-size=20
device ,/encapsulated,f ilena~ie='figvO9 .psI

device,/inches,xsize=3.5,scale-factor-O.9

device, /inches ,ysize=3.5,scale-.factor=O .9

N= 10
M= 10
XR=8

YR= 10
a=fltarr(3,44*N)
f=fltarr(2 ,4 ,N)
g=f ltarr(2,4,M)

openr, 1, '09 .out'

readf,1, a

close, 1
FOR K=0,1 DO BEGIN

FOR 10O,N-1 DO f(K,0,I)=a(K,I)
FOR 10O,N-'. DO f(K,1,I)'a(K,I+N)
FOR 10O,N-1 DO) f(K,2,I)=a(K,I+2*N)

FOR I0O,N-1 DO f(K,3,I)=a(K,I+3*N)
FOR I=0,M-1 DO FOR J=0,3 DO g(K,J,I)=f(K,J,I)

ENDFOR

xrange=[0,XR) ,yra~nge=[O,YRJ ,line=1,xcharsize~l.3,ycharsize=1 .3

oPlot,g(0,1,*),g(1,1,* ,line=2

oplot,g(O,2,*) ,g(1,2,*) ,line=3
oplot,g(O,3,*) ,g(1,3,*) ,line=4
sPhere=fltarr(2 ,M+2)
FOR I=O,M+1 DO BEGIN
sphere (0,I)-I

IF (I GT 6.645) THEN BEGIN

sphere(1 ,I)=2.226+0.689
ENDIF ELSE BEGIN

sPhere(1,I)-2.226*(1.5*I/6.645 -. 5*1*1*1/293.394) + 0.689
ENDELSE;
ENDFOR
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oplot,sphere(0,*) ,sphere(l,*) ,line=0
b~fltarr(2. 2)
c~fltarr(2, 2)
d~fltarr(2. 2)
e~fltarr(2, 2)
fmfltarr(2, 2)
b(0,0) =3.00
b (0 ,1) 3.50
b(1 ,0)-9.3
b (1, 1) =9.3
c (0 ,0)=3.00
c(0,1)=3.50

d(1,0)=9.2
d(1,1)=9.2
e(0 ,0) =3.00
e(0,1)=3.50
e(1,0)=9.00
e(1,1)=9.00
ef(0 ,0)=3.00
e(0,1) =3 .50

f (1, 0)=8 .40
f(1, 1)=8 .40
oplot,b(0,*) ,b(I,*) ,.Li!ne-1
OPlOt,c(0,*),c(1,*),line~z2
oplot,d(0,*) ,d(1,*),line=3

oPlot,f(0,*) ,f(1,*) ,line=O
XyOuts,3.8,9.0'1Subject 09',size=1.0
xyouts,3.8,8.2,'Estimated' ,size-i.0
device, /closej.file
set-.plot, 'sun'
end

This next example is a program for plotting the variograms of a subject who
does not follow the standard pattern. This sample is for Subject 01.

set-plot, 'ps'
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device ,font-.size-20
device,/encapsulated,filena~me= 'figvol .psI
device ,/inches,xsz35 ,scale-.factor=0 .9
device,/inches,ysize=3.5,scale-jactor=0.9
N= 10
M= 10
XR=8
YR=20
a-fltarr (3, 4*N)
f=fltarr(2.4 ,N)
g=fltarr(2.4,M)

readf,l1, a
close, 1
FOR K=O,1 DO BEGIN
FOR I=0,N-i DO f(K,0,1)=a(K,I)
FOR I=ON-1 DO f(K,1,I)=a(KI4N)
FOR I=0,N-1 DO f(K,2,I)=a(K,I+2l'N)
FOR 10O,N-1 DO f(K,3,I)=a(K,I+3*N)
FOR 10O,M-1 DO FOR J=0,3 DO g(K,3,I)=f(K,J,I)
ENDFOR
plot,g(0,0,*),g(1,0,*),xtitle=J'8h (distance)',ytitle=''7'c!8(h)',
xrange=[O,XR] ,yrange=[0,YRJ ,line=1,xcharsize=1 .3,ycharsize=1 .3
oplot,g(O,1,*) ,g(1,1,*) ,line=2
oplot,g(0,2,*) ,g(1,2,*) ,line=3
oplot,g(0.3,*),g(1,3,*) ,line=4
sphere=fltarr(2 ,M+2)
FOR I=0,M+i DO BEGIN
sphere(0, I)=I
IF (I GT 6.645) THEN BEGIN
sphere(l,I)=2.226.0.689
ENDIF ELSE BEGIN
sphere(1,I)=2.226*(1.5*I/6.645 - .5*I*I*I/293.394) + 0.689
ENDELSE;
ENDFOR
oplot,sphere(0,*) ,sphere(1,*) ,line=O
b~fltarr(2, 2)
c-fltarr(2,2)

e-fltarr(2 ,2)
f-fltarr(2 ,2)
b (0 ,0)=3 .00
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b (0 ,1)=3.50
b(1 ,0)=18.6
b('1,1) =18 .6
c (0 ,0)=3.00
c(0, 1)=3.50
c(1, 0) =18 .2
c(1 ,01=18.2
d(0 ,0)=3.300
d(0, 1)=3 .50

d10)=18 .4
d(i,1)=18.4
e(0,0) =3.00
e(0, 1) =3. 50
e(1, 0) =18 .00
e(1, 1) =18.00
f (0, 0) =3. 00
f (0, 1) =3. 50
f (1, 0) =16 .80
f (1, 1) =16 .80
oplot,b(0,*) ,b(I,*) ,1ineli

oplot,d(0,*) ,d(1,*) ,line=3
oplot,e(0,*) ,e(1,*) ,line=4
oplOt,f(0,*) 4(1,*) ,1ine=0
xyouts,3.8,18.0,'Subject 01' ,size=1.0
xyouts,3.8,16.4, 'Estimated' ,sizel1.0
end
device, /close...ile
Set..plot, Sun'
end

The following program produces a postscript file for the 25 v'ariograrn-s which
followed the same pattern.

Set..plot,'p'PS
device, font..3ize=20
device, /enca~psulated,filename= 'fig25v.psI

dvc,/ inches ,xsize-3.5 ,scale..factor-0 .9
device,!ie, ys ize=3 .5, scale-.f act orO .9
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N= 10

H= 10

XR=8
YR=20
a.!f ltarr(3,4*N)
f=fltarr(2,4,N)
g=rltarr(2 ,4,M)

bb=fltarr (2,2)

ee--fitarr(2, 2)
bb (0 ,0) =300

bb (0 , 1) -3. 50
bb (1, 0) =2*9 .3
bb (1, 1) =2*9 .3

cc (0 ,0)=3 .00

cc (0,1)=3 .50

cc(1,0)=2*9. 1
cc (1, 1) =2*9 .1
dd(0 ,0) =3 .00

dd(0, 1) =3 . S
dd(1,0)=2*9.'.
dd(1, 1)=2*9 .2
ee (0 ,0) =3.00

ee (0 ,1)=3 .50

ee (1, 0) =2*9 .00
ee(1, 1) =2*9 .00
openr,2, 'list.25'

readf ,2,NUM

readf,2,S
openr,l1, S
readf,l1, a

close, 1
FOR K=0,1 DO BEGIN
FOR I=0,N-1 DO f(K,0,I)=a(K,I)
FOR I=0,N-1 DO f(K,1,I)=a(K,I+N)
FOR I=0,N-1 DO f(K,2,I)=a(K,I+2*N)
FUR I=0,N-1 DO f(K,3,I)=a(K,I+3*N)

FOR I=0,M-1 DO FOR J=0,3 DO g(K,J,I)=f(K,J,I)
ENDEOR

plot,g(O,0,*),g(1,0,*),xtitle='!8h (distance)',ytitle=l'7c!8(h)',
xrange=[0,XR] ,yra~nge=[o,YR] ,line=1,xcharsize=1.3,ycharsi.ze=1 .3
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oPlot,g(O,1,*) ,g(i,l,*) ,1ine=2
oplot,g(O,2,*) ,g(i,2,*) ,line=3

FOR LL=2,NUM DO BEGIN
readf,2,S
openr,l1 S
readf,l1, a
close, 1
FOR K=0,1 DO BEGIN
FOR I=O,N-1 DO f(K,0,I)=a(KI)
FOR I=0,N-1 DO f(K,1,I)=a(K,I+N)
FOR I=0,N-1 DO f(K,2,I)=a(K,I+2*N)
FOR I=0,N-1 DO f(K,3,I)=a(K,I+3*N)
FOR I-O,M-1 DO FOR J=0,3 DO g(K,J,I)=f(K,J,I)
ENDFOR
oplot,g(O,0,*),g(1,O,*) ,line=1
oplot,g(O,1,*) ,g(i,1,*) ,1ine=2
oplot,g(O,2,*) ,g(1,2,*) ,line=3
oplot,g(O,3,*) ,g(1,3,*) ,line-4
ENDFOR
cloSe, 2
oplot,bb(0,*) ,hb(1.*) ,line-1
oplot,cc(O,*),cc(1,*),li~ne=2
oplot,dd(0,*) ,dd(1,*) ,line=3
oplot,ee(0,*),ee(1,*),line=4
xyouts,3.8,18.0,'25 Subjects',size-1.0
device,/close-.file
set..plot, 'sun'

end

This program is similar to the previous program except that it plots the vari-
ograrns for 30 subjects.

,= )

Set..plot,'ps'
device ,font..size=20
device, /encapsulated,filename=' fig3Ov psI
device,/inches,xsize=3.5,scale..factor=0 .9
device,/inches,ysize=3.5,scale-.factor=O .9
N= 10
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M 1.0
XR=8
YR=20
a. fltarr(3,4*N)
fufltarr(2.4,N)
g=fltarr(2,4,M)
bb=fltarr(2 ,2)
cc-f ltarr(2, 2)
dd=fltarr(2 ,2)
ee=fltarr(2 ,2)
bb (0 0) =300
bb (0,1) =350
bb (1, 0)=2*9 .3
bb(1 ,1)=2*9.3
cc(0,0) =3 .00
cc (0,1) =350
.1 (1 ,0)=2*9. 1
cc(1 ,1)=2*9. 1
dd (0,0) =300
dd (0, 1) =3 .50
dd(1 ,0)=2*9 .2
dd(1,1)=2*9.2

ee (0, 0) =3 . 00
ee (0,1) =350
ee (1, 0) =2*9 .00
ee(1 ,1)=2*9. 00
openr,2, 'list.30'
readf,2,NUM
readf,2,S
openr,l1,S

readf,l,a
close, 1
FOR K=0,1 DO BEGIN
FOR I=0,N-1 DO f(K0O,I)=a(K,I)
FOR I=0,N-1 DO f(K,1,I)=a(K,I+N)
FOR I=0,N-1 DO f(K,2,I)=a(K,I+2*N)
FOR I=O,N-1 DO f(K,3,I)=a(K,I+3*N)
FOR I=0,M-1 DO FOR J=0,3 DO g(K,J,I)=f(K,J,I)
ENDFOR
plot,g(0,0,*),g(1,0,*),xtitle=''sh (distance)',ytitle='!7c!8(h)',
xrange=E0,Xr) i,yrange=EO,YR] ,line=1 ,xcharsize=I .3,ycharsize=1 .3
oplot,g(0,1,*) ,g(1,1,*) ,line=2



oplot~g(0,2,*) ,g(1,2,*) ,line=3
oplot,g(O,3,*),g(1,3,*) ,line=4
FOR LL=2,NUM DO BEGIN
readf,2,S
openr, 1, S
readf,I., a
close, 1
FOR K=O,l DO BEGIN
FOR I=O,N-I DO f(KO,I)=a(K,I)'
FOR I=0,N-1 DO f(K,1,I)=a(K,I+N)
FOR I=O,N-1 DO f(K,2,I)=a(K,I+2*N)
FOR I=O,N-- DO f(K,3,I)=a(K,I+3*N)
FOR I=O,M-1 DO FOR J=0,3 DO g(K,J,I)=f(K,J,I)
ENDFOR
oplot,g(O,O,*) ,g(1,O,*) ,line~l
oplot,g(O,i,*) ,g(1,1,*) ,line=2
oplot,g(O,2,*) ,g(1,2,*) ,line=3
oplot,g(O,3,*) ,g(1,3,*) ,line=4
ENDFOR
close, 2
oplot,bb(O,*),bb(1,*) ,line~l
oplot,cc(o,*),cc(l,*),line=2
oplot,dd(O,*),dd(l,*) ,line=3
oplot,ee(O,*),ee(1,*),line=4
xyouts,3.8,18.O'130 Subjects',size=1.O
device,/close-.file
set-plot, 'sun'
end
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Surface Plotting Procedures

This section includes programs which require an interactive input to specify

the appropriate data file to plot. To obtain a hard copy of the output, the PLOT

and PRINT programs must be used in conjunction with these procedures. To obtain

an encapsulated postscript file, the OPEN and CLOSE procedures must be used.

These files are discussed later in this section.

The first procedure plots any facial data set.

FN=' )

READ,'Enter filename > ',FN
a=fltarr(50,100)
b=fltarr(40,80)
openr, 1 ,FN
readf,1, a
close, 1
for i=0,39 do begin
for j=0,79 do b(i,j)=a(10+i,5+j)
endfor
surface,b,az=45,ax=30,xrange=[0,40],yrange=[0,70] ,zrange=[0,200],
xtitle=' '8Altitude' ,ytitle='Angle' ,ztitle='Radius' ,charsize=2.5
end

This next procedure plots residual data files.

FN='
READ,'Enter filename > ',FN
a=fltarr(50, 100)
b=fltarr (40,80)
openr, 1 ,FN
readf, 1, a
close, 1
for i=0,39 do begin
for j=0,79 do b(i,j)=a(10+i,5+j)
endfor
m-20
surface, b, az=45, ax=30, xrange= [0,4 0] , yrar.4.e= [0,70] ,zrange= I-m, m,
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end

The following program plots the variograms for an individual subject.

READ,'IEnter f ilena~me > 'FN
a~fltarr(50, 100)
bzfltarr (40,80)
openr,l1,FN
readf,1, a
close, 1
for i=0,39 do begin
for j=0,79 do begin
if a(10+i,S+j) NE 20.0 then b(i,j)=a(10+i,5+j) else b(i,j)=0.O

endfor
endfor
surface,b,az=45,ax=30,xrange'[0,40] ,yra~nge=[0,70] ,zrange=[O,4],
xtitle-= '8Altitude' ,ytitle='Angle' ,ztitle='Va~riance' ,charsize=2.5
end
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Miscellaneous Procedures

The following miscellaneous procedures may be used to obtain hard copies,

to produce encapsulated postscript files, or to set the terminal type to emulate a

Tektronics terminal.

The first program, OPEN.PRO, is run prior to a sequence of plotting com-
mands. Following this sequence, the CLOSE.PRO procedure is executed to produce
the psotscript file. The combination of OPEN and CLOSE is necessary to pro-
duce the file and to return IDL to the appropriate environment settings. The open
procedure is as follows.

set-plot, 'ps'
FN= '

read,'Enter the name of the picture file > ',FN
device,/encapsulated,f ilename=FN
device,/inches,xsize=5.0,scale-factor=1.0
device,/inches,ysize=5.0,scale.factor=1.0
end

The close procedure is as follows.

device,/closefile
set.plot, 'sun'
end

The plot and print procedures work in the saame fashion as the two proceeding
programs and produce a plot from the laser printer. The code for the plot procedure
is as follows.

device,/close
cmd='lpr idl.ps'
spawn,cmd
set.plot, 'sun'
end
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The following procedure is used with the plot procedure to obtain the hard
copy.

set.plot, 'ps'
device,/inches,xsize=5.0,scale-factor=l.0
device,/inches,ysize=5.0,scale-factor=1.0
end

This last procedure allows the user to emulate a Tekt~onics terminal.

set.plot, 'tek'
device,/tek4100,colors=8
end
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Appendix K. Multivariate Analysis Programs

This appendix includes the C programs for extracting the data and the SAS

code for performing the multivariate analysis. The first program reads the coor-

dinates of the landmarks for each subject and writes them to a new file for input

to the second program. This second program calculates the angles and distances

and generates the SAS input file. Finally, the SAS code is provided to replicate the

multivariate analysis.
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Landmark Extraction Program

/* This programs reads the points from the outXX.rlnd files

in the /home2/robinson/Lndmrk/ directory into a face.XX

file in the oper685 directory.

#include <stdiu .h>

#include WNWh~h

main(argc ,argv)
ant argc;
char *argv[3;

int i,lndmrk[33];
f loat x [33] , y[ 3 3 ] ,z [33];
int id1lid2;
float dl,d2,d3,d4,d5,d6;

FILE *f in, *fout;

fin =fopen(arsv[1],"r");
fout fopen(argv[2],"w");

fscanf(fin,"%f %f %f %f %f %f",&dl,&d2,&d3,&d4,&d5,&d6);

for(i0O; iS33; i++) {

fscanf(fin,"Yd %d %d %f %f %f %f",&lndrk~i],idl,0id,&dl,

fprintf(fout,"%d %f %f %f\nel,lndlnrk[O1 ,x[O) ,yEO] ,z[OJ);
fprintf(fout,"%d %f %f Zf\n",lndjnrk[2] ,X[2) ,y[ 2] ,z[2]);

fprintf(fout,"%d %f %/f %f\n",lndmrk[6],x[6],y[6],z[6]);
fprintf(fout,"%d %f %f Yf\n",lndinrk[l1],x[11] ,yrii] ,z[iiJ);

fprintf(fout,"%d %~f %f Yf\n",lndinrk[13],x[13 ,y[13J ,z[13));

fprintf(fout,"%d %f %f %/f\n",lndmrk[14],xCI4] ,y[14) ,z[14J);

fprintf(fout,"%d %f %f %f\n",lndmrk[15] ,x[15) ,y[15] ,z[15J);

fprintf(fout,"%d %/f %~f %f\n",lndmrk[16] ,x(16] ,y[16] ,z[163);

fpriaitf(fout,"%d %f %f %f\n",lndmrkl26] .426] ,y[26] ,z[26J);



fprintf(fout,"%d %f %f %~f\n",lndinrk[29] ,x[29] ,y[29) ,z[29]);
fprintf(fout,"%d %f %f %f\n",lndnirk[31),x[31J ,y[31] ,z[3l]);

fclose(f in);
fclose(fout);
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Disti'ance and Angle Program

/* This programs reads the points from the face.XX files and

builds a file for the SAS cluster routines. (sas.dat)

*include <stdio.h>

#include <math.h>

#define NPTS 1It

float d CNPTSJ [3];

main(argc ,argv)
int argc;
char *argv[];

int i,j,nosub;
mnt lndmrk[NPTS];
float t [261;
char subject-name(1O];
float distance(),angleo;

FILE *f in, *f sub, *fout;

fin = fopenk'argv[1],11r");
fout = fopen('sas .dat", "w");

fscanf (fin, "Yd\n" ,&nosub);

for(i=O; i<nosub; i++) {
fscanf(fin, "'/s\n" ,subject-.namfe);
f sub = fopen(subject-.name,"r");

for(j0O; j<NPTS; j++) {
fscanf(fsub,"%/d %f %f %f\n",&lndmrk~j] ,&dfljJ [0],&d[j] [1],&d[j] [2]);

1* printf("Xd %/f %f %f\n",j,d[j][0],djl][ll~d~j][2]);

fclose(f sub);

t[0]=i;
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tEi]=distance(2,8);
tC21=distaxice(0,1O);
t [3] distance(1 ,9);
t[4]=distance(3, 11);
t [5]=distance(3 ,4);
t[61=distance(7,5);
t [7] =distance (4,6);

t [8] =distance (3,6);
t[9]=distance(7,4);
t[10]=distaxice(3,5);
t[11]=angle(0,3,10);
t [12] =angle (0,5, 10);
t[13]=angle(1,3,9);
t [14] =angle(1 ,6 ,9);
t[15]=angle(2,4,8);
t[161=angle(2,7,8);
t E17 =a~ngle(1,4,9) ;

t[10J=angle(3,4,6);

t [21J =angle(0,7, 10);
t[22]=angle(0,6,10);
t[231=angle(2,6,8);

tC24]=angle(2,5,8);
t [251 =a~ngle(1,7,9) ;

fprintf(fout,"%f %f %f %f %.f %f %/f %/f %f %/f %f %f %f\n",t[0J,

fprintf(fout,"%f %f %f %f %f %f %~f %f %f %/f %f %f %/f\n",t[13],t[14],
- L 'J V L-L . L'', ,L LJJ , V LLJJ to L I~ 7J3 ULv tLI L4J ,tr25D /

fclose(fin);
fclose(fout);

float distance(p1,p2)
int pl,p2;

float sum;
int i;
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sun, MO.0;

for(i=O; i<3; i++){
sum += (d~pl) Ei] -d~p2) (il)*(d[pl] £i] -d~p2] [i]);

return sqrt(sum);

float a~igle(p1,p2,p3)
int pl,p2,p3;

irnt i;
float a,b,c;
float sum;

SUMM0.0;

for(i=0; i<3; i++){
sum +- (d~p2) [1]-d[p3] [i])*(d~p2] Ci]-d[p.Z:"] [i])

I
a~sqrt(sum);

sumO0.0;

for(i-O; i<3; i++){
sum +-- (d[plJ Eii-dlp3J CiJ)*(d~pil Ei]-d[p3] [i])

I
b=sqrt(sum);

SUM=0 .0:

for(i=O; i<3; i++){
sum +- (d~pi] Ci] -d[p2] [i])*(d~pI] Li] -d~p2] Li]);

I
c~sqrt(sum);

return acos((a*a+c*c-b*b)/(2.0*a*c));
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Multivariate SAS Code

options linesize=78;
data dat;

infile dat;
input s vl-v25;
proc print;
proc corr;

var vl-v25;
proc factor;

var vl-v25;
proc factor;

var v2-v3 v5-v1l v13-v20 v23-v25;
proc factor outstatzsaveall;

var v3 v5-vIO v13-v20 v23-v25;
proc factor data-saveall n=5 rotate-varimax score outstat=saves;
proc score data-dat score-saves outzsavesc;
proc print;

var factori-factorS;
proc plot;

plot factor2*factorl;
plot factor3*facterl;
plot factor4*factorl;
pl1n t factor5*factorl;

plot factor3*factor2;

plot factor4*factor2;
plot factor5*factor2;
plot factor4*factor3;
plot factor5*factor3;
plot factorS*factor4;

proc cluster me-e~hod-average pseudo;
var factori-factorS;

/*proc tree n-n5;*/
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